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Definition. — An  acute  inflaniniation  of  the  kidney  characterized 
by  cellular  and  fluid  exudation  in  the  interstitial  tissue,  accompanied 
by,  but  not  dependent  on,  degeneration  of  the  epithelium;  the  exuda¬ 
tion  is  not  purulent  in  character,  and  the  lesions  may  be  both  diffuse 
and  focal. 

This  condition  was  flrst  described  by  Biermer  (1).  He  fourd  the  kid¬ 
neys  of  a  child  four  and  a  half  years  old,  who  died  of  scarlet  fever,  greatly 
s^^■ollen,  the  surface  i)ale,  and  on  microscopical  examination  shmving  in¬ 
tense  infiltration  of  the  connective  tissue  with  lymphoid  cells.  He  con¬ 
siders  the  formation  of  lymphoid  tissue  here  analogous  to  that  found  in 
typhoid  fever.  The  cellular  infiltration  is  more  marked  in  the  pyramids 
than  in  the  cortex.  E.  Wagner  (2)  describes  a  similar  case,  in  which, 
however,  the  enlargement  of  the  kidneys  was  not  so  marked.  The  con¬ 
sistency  of  the  tissue  was  lax,  the  cai)sule  easily  removed,  tlie  cortex 
grayish-yellow,  with  punctate  hgemorrhages.  There  were  accumulations 
of  lymphoid  cells  in  the  interstitial  tissue  most  marked  in  the  immediate 
vicinity  of  the  glomeruli.  In  a  subsequent  article  (3)  he  describes  the 
condition  under  the  name  of  acute  lymphomatous  nephritis,  and  con¬ 
siders  it  one  of  the  four  forms  of  acute  Bright's  disease.  He  finds  this 
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form  of  nephritis  most  often  in  scarlet  fever,  and  sometimes  in  typhoid. 
The  kidneys  are  greatly  enlarged,  brittle,  the  capsule  is  easily  stripped  off, 
the  surface  is  covered  with  grayish-white  elevations  which  correspond  to 
streaks  of  cellular  infiltration  in  the  cortex.  There  are  accumulations  of 
round  cells  varying  in  size  in  the  interstitial  tissue.  Some  of  these  cells 
are  smaller  than  leucocytes,  others  larger.  The  most  acute  cases  of  scar¬ 
latinal  nephritis  are  of  the  lymphomatous  form.  In  three  typical  cases 
which  AVagner  describes  there  was  pharyngeal  diphtheria  in  addition  to 
scarlatina. 

Klebs  (4)  gives  a  good  description  of  acute  interstitial  nephritis.  The 
kidneys  are  enlarged,  of  lax  consistency,  the  capsule  is  easily  separated, 
the  surface  smooth  and  paler  than  normal.  On  section  grayish-white 
nodules,  corresponding  to  fatty  degenerated  convoluted  tubules,  are 
embedded  in  a  rather  transparent,  gelatinous,  grayish  background.  On 
microscopic  examination  the  tissue  between  the  tubules  is  dilated  and 
filled  with  lymphoid  cells.  The  cells  come  from  the  vessels.  Letzerich 
(5)  describes  a  kidney  of  this  character  in  diphtheria,  and  regards  the  cells 
in  the  interstitial  tissue  as  fungi.  Coats  (6),  in  a  case  of  scarlet  fever  in 
an  adult,  finds  the  kidneys  enlarged  and  similar  in  appearance  to  the 
leuksemic  kidney.  The  enlargement  and  pallor  of  the  kidneys  are  due  to 
infiltration  of  the  cortex  with  round  cells.  These  are  packed  between  the 
tubules  separating  them,  but  have  not  destroyed  the  epithelium.  The 
microscopical  appearance  closely  resembles  leukaemia.  He  afterwards 
describes  the  cells  in  the  interstitial  tissue  as  due  partly  to  proliferation 
of  the  interstitial  cells,  partly  to  emigration  of  leucocytes.  The  condi¬ 
tion  is  common  around  the  glomeridi  in  subacute  nephritis. 

Kelsch  (7)  regards  acute  interstitial  nephritis  as  the  typical  lesion  of 
the  kidney  in  scarlet  fever.  He  describes  the  cells  as  being  of  an  embry¬ 
onic  character,  closely  packed  together  and  often  massed  around  the 
glomeruli.  Klein  (8, 9)  found  seven  cases  of  well-marked  interstitial 
nephritis  in  twenty-three  cases  of  scarlet  fever  which  he  studied  histo¬ 
logically.  The  interstitial  cells  are  lymphoid  in  character;  they  vary  in 
size,  the  nucleus  is  round,  and  two  nuclei  are  often  found  in  a  single  cell. 
The  infiltration  seems  to  take  place  first  around  the  large  vascidar  trunks 
at  the  base  of  the  pyramids,  and  from  here  extends  into  the  cortex. 
These  cells  compress  the  tubules,  the  epithelium  desquamates,  and  the 
lymphoid  cells  enter  into  the  tubules.  In  these  cases  albumin  is  often 
absent,  and  there  are  no  symptoms  pointing  to  implication  of  the 
kidneys.  He  thinks  that  cases  which  die  after  the  ninth  or  tenth  day 
of  the  disease  will,  as  a  general  rule,  show  more  or  less  well-marked 
interstitial  changes  in  the  kidneys. 
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Phisalix  (10)  takes  the  ground  that  acute  nephritis  accompanying  vari¬ 
ous  infectious  diseases,  such  as  scarlet  fever,  is  not  a  parenchymatous, 
but  an  interstitial  process.  In  such  cases  hut  little  change  may  he  found 
in  the  parenchyma,  while  the  interstitial  tissue  is  dilated  and  fdled  with 
cells.  lYeigert  (11)  does  not  recognize  acute  interstitial  nephritis  as  one 
of  the  forms  of  acute  Bright’s  disease.  In  the  acute  haemorrhagic  form, 
he  describes,  in  addition  to  the  haemorrhages  and  epithelial  degeneration, 
foci  of  brightly  staining  round  cells  in  the  interstitial  tissue.  He  does  not 
describe  the  character  of  the  cells  further,  and  considers  the  foci  to  be  of 
an  inflammatory  character  and  secondary  to  the  degeneration  of  the 
epithelium  of  the  tubules  and  the  destruction  of  the  glomeruli.  Waller 
(12)  describes  interstitial  foci  as  common  in  post-scarlatinal  nephritis. 
The  cells  are  due  to  emigration,  fibrous  tissue  may  be  formed  from  them, 
and  a  contracted  kidney  may  be  the  final  result  of  the  process.  Ley¬ 
den  (13)  says  that  acute  nephritis  in  scarlet  fever  and  diphtheria  is  of 
a  parenchymatous  variety,  but  foci  of  small-cell  infiltration  are  frequently 
found  between  the  tubules  and  around  the  glomeruli.  Bamberger  (14) 
speaks  of  interstitial  foci  as  common  in  the  primary  form  of  acute 
nephritis  and  in  nephritis  secondary  to  other  diseases.  Dunin  (15) 
regards  small-cell  infiltration  as  one  of  the  most  characteristic  changes 
in  scarlatinal  nephritis.  The  infiltration  may  affect  the  entire  kidney 
or  be  limited  to  certain  areas.  These  areas  are  most  common  close 
beneath  the  capsule  or  aroxmd  the  glomeruli.  The  epithelial  changes 
may  be  slight,  and  there  is  no  relation  between  epithelial  degeneration 
and  the  interstitial  foci.  Fischl  (16)  finds  in  scarlet  fever  dilatation  of 
the  adventitia  of  the  small  arteries  with  round-cell  infiltration  extending 
from  this  into  the  tissue.  In  the  cases  of  glomerulo-nephritis  there  is 
infiltration  of  the  interstitial  tissue  most  marked  around  those  glomeruli 
which  were  most  affected. 

Friedliinder  (IT),  in  his  description  of  scarlatinal  nephritis,  describes 
interstitial  septic  nephritis  as  one  of  the  three  varieties  of  scarlatinal 
nephritis.  The  kidneys  in  this  are  large,  lax  in  consistency,  and  the 
markings  are  obscured;  the  cortex  is  of  a  grayish-red  opaque  color,  with 
foci  of  hfemorrhage.  The  epithelium  is  but  little  altered,  and  the  inter¬ 
stitial  tissue  contains  numbers  of  small  round  cells.  This  form  of 
nephritis  he  finds  comparatively  rare,  occurring  only  twelve  times  in 
220  cases,  and  is  most  apt  to  be  seen  in  those  cases  of  scarlet  fever  which 
are  accompanied  by  diphtheritic  septic  processes.  Cornil  and  Brault  (18) 
find  that  acute  interstitial  nephritis  is  confined  to  the  acute  febrile 
diseases:  they  have  met  with  it  in  scarlet  fever  and  other  processes. 
Nauwerck  (19,20)  describes  in  the  kidneys,  in  both  scarlet  fever  and  diph- 
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theria,  foci  of  small-cell  infiltration  in  the  labyrinth  and  about  the  small 
and  medium-sized  veins.  The  intertubular  capillaries  may  he  occluded 
by  cells  derived  from  proliferation  of  the  endothelium.  The  cells  in  the 
interstitial  tissue  come  from  emigration,  but  may  be  added  to  by  prolifer¬ 
ation  of  the  fixed  cells.  He  finds  no  relation  between  these  interstitial 
foci  and  epithelial  degeneration. 

Langhans  (21)  has  never  found  a  case  similar  to  Wagner’s  lymphoma- 
tous  kidney  in  scarlet  fever,  but  has  seen  a  slight  degree  of  cellular 
infiltration  in  the  walls  of  the  small  veins  and  around  the  glomeruli. 
Crooke  (22)  finds  distention  of  the  capillaries  in  the  interstitial  tissue  by 
lymphoid  cells  and  cells  derived  from  proliferation  of  the  endothelium 
of  the  vessels.  In  many  cases  foci  of  interstitial  infiltration  are  found 
both  in  the  lahryinth  and  close  beneath  the  capsule.  Litten  (23)  says 
that,  apaid  from  fatty  degeneration  and  haemorrhage,  the  most  common 
lesion  found  in  the  kidney  in  scarlet  fever  is  the  inflammatory  round-cell 
infiltration  of  the  interstitial  tissue.  Foci  of  this,  consisting  of  closely 
packed  leucocytes,  are  scattered  through  the  entire  kidney,  varying  in 
extent  with  the  intensity  of  the  process. 

Oertcl  (24)  in  his  Avork  on  diphtheria  describes  foci  of  round-celled 
infiltration  both  beneath  the  capsule  and  in  all  ])arts  of  the  tissue.  Cellu¬ 
lar  infiltration  is  also  seen  in  the  walls  of  the  veins  and  arteries.  Tliero 
is  no  connection  between  the  accumulations  of  cells  and  desquamation 
of  the  epithelium. 

Sorenson  (25)  gives  the  clinical  history  and  the  pathological  anatomy 
of  a  number  of  cases  of  scarlatinal  nei)hritis,  and  among  them  of  throe 
cases  in  which  the  interstitial  lesions  were  well  marked.  In  some  of 
these  cases  there  is  a  whitish  opaque  rim  around  the  bases  of  the  pyra¬ 
mids,  with  streaks  extending  from  this  into  the  cortex.  V.  Kahlden  (2()) 
gives  a  good  description  of  interstitial  nephritis  in  scarlet  fever.  He 
finds  the  cells  in  the  interstitial  tissue  of  unequal  size,  some  smaller,  some 
larger  than  leucocytes.  In  a  case  of  diphtheria  he  finds  numbers  of 
cells  in  the  vessels  of  the  tissue  between  the  cortex  and  the  pyramids. 
These  cells  are  round,  in  many  cases  twice  as  large  as  a  leucocyte;  the 
])rotoplasm  is  homogeneous  and  trans])arent.  The  nuclei  are  round  or 
sometimes  indented,  and  two  nuclei  are  sometimes  seen  in  a  single  cell. 
These  cells  are  more  frequently  found  in  tlic  arteries  than  in  the  veins. 
Baginsky  and  Stamm  (27)  find  in  the  kidneys  of  scarlet  fever  patients 
who  die  in  the  first  week  of  the  disease  more  or  less  extensive  interstitial 
infiltration  with  round  cells.  Tlicse  cells  are  cither  collected  into  masses 
simulating  lym])h  nodules  or  are  diffused  over  the  entire  cortex. 

Bernhard  and  I'elscnthal  (28)  find  in  diphtheria,  along  Avith  degenera- 
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tion  in  the  epithelium,  which  they  consider  the  principal  change,  foci 
of  interstitial  infiltration  beneath  the  capsule  around  the  glomeruli  and 
in  the  upper  portion  of  the  pyramids.  The  veins  are  dilated  and  contain 
numbers  of  leucocytes.  Aufrecht  (29)  gives  the  clinical  history  and 
pathological  anatomy  of  three  cases  of  scarlatinal  nephritis  which  differ 
from  the  ordinary  form  in  their  early  appearance  and  intensity.  In  all 
three  eases  there  are  masses  of  round  cells,  chiefly  about  the  glomendi. 
The  changes  in  the  parenchyma  he  considers  independent  of  the  inter¬ 
stitial  lesions.  Biirmeister  (30)  describes  interstitial  foci  in  the  kidneys 
of  rabbits  which  were  produced  by  the  injection  of  chromate  of  ammo¬ 
nium  into  the  circulation.  There  is  no  especial  change  in  the  epithelium 
of  the  tubules  in  the  interstitial  foci.  He  found  similar  interstitial  foci 
around  the  glomeruli  in  a  case  of  glomerulo-nephritis  in  a  tuberculous 
subject.  Morse  (44)  produced  similar  foci  of  cellular  infiltration  of  the  in¬ 
terstitial  tissue  of  the  kidney  by  injecting  filtered  cultures  of  staphylococ¬ 
cus  aureus  into  the  circulation  of  rabbits.  Turner  (31)  makes  two  varie¬ 
ties  of  nephritis  in  scarlet  fever,  the  glomerular  and  the  interstitial 
haunorrhagic.  In  the  glomerular  type  interstitial  changes  are  often  seen. 
Rosenstein  (32)  says  the  large  interstitial  kidney,  described  by  Fried- 
liinder,  is  rare  in  scarlet  fever,  although  even  in  cases  of  short  duration, 
with  albuminuria  from  the  beginning,  there  is  evidence  of  interstitial 
proliferation  Avith  focal  accumulations  of  cells  around  the  vessels. 

Summing  up  these  descriptions,  I  find  that  acute  interstitial  lesions 
of  the  kidneys  have  been  considered  as  common  in  scarlet  fever,  and 
are  regarded  by  some  authors  as  constituting  the  most  frequent  patho¬ 
logical  alteration  of  the  kidneys  in  this  disease.  This  has  also  been 
described  in  diphtheria  and  in  other  infectious  diseases.  The  cellular 
infiltration  of  the  interstitial  tissue  may  be  general  throughout  the 
kidney,  with  more  intense  foci  in  the  cortex.  In  these  cases  the  kid¬ 
ney  is  greatly  enlarged,  in  some  cases  tAvice  the  normal  size;  it  is  of  a 
lax  consistence,  and  on  section  is  grayish  and  opaque.  In  other  cases 
the  infiltration  appeal's  as  circumscribed  foci  either  immediately  be¬ 
neath  the  capsule  or  around  the  glomeruli  or  at  the  bases  of  the  pyra¬ 
mids.  The  cells  in  the  interstitial  tissue  are  almost  universally  de¬ 
scribed  as  lymphocytes,  in  several  cases  their  large  size  and  the  pres¬ 
ence  of  tAvo  nuclei  in  a  single  cell  are  mentioned.  Cell  accumulations 
ha\’e  also  been  described  around  the  large  A'^essels  and  infiltrating  their 
AA'alls.  Von  Kahlden  describes  in  one  case  accumulations  of  large  ceils 
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in  the  vessels  in  the  pyramids.  The  cells  have  been  generally  consid¬ 
ered  as  coming  from  the  vessels  by  emigration.  Almost  all  observers 
state  that  there  does  not  seem  to  be  any  relation  between  foci  of  inter¬ 
stitial  cellular  infiltration  and  epithelial  degeneration.  There  is  gen¬ 
eral  agreement  that  in  scarlet  fever  the  interstitial  form  of  nephritis  Is 
most  often  found  when  the  nephritis  develops  early  in  the  disease,  and 
is  most  common  in  the  so-called  septic  cases.  Many  of  the  cases  in 
which  the  most  typical  interstitial  lesions  were  found  are  described  as 
having  also  diphtheritic  pharyngitis.  !N^o  evidence  has  been  given  by 
cultures  that  in  these  cases  there  was  mixed  infection  with  diphtheria. 

The  text-books  on  pathology  do  not  devote  much  space  to  this  con¬ 
dition.  Most  of  the  authors  do  not  recognize  acute  interstitial  nephri¬ 
tis  as  a  special  type  of  the  disease.  Others  speak  of  foci  of  interstitial 
cellular  infiltration  as  occurring  frequently  in  acute  and  chronic 
nephritis.  In  many  cases  the  cells  in  the  interstitial  tissue  are  re¬ 
garded  as  pus-cells  and  the  condition  is  confounded  with  acute  sup¬ 
purative  nephritis.  Ziegler  (33)  has  a  very  good  description  of  the 
minor  degrees  of  the  process.  In  speaking  of  inflammatory  oedema 
of  the  kidney  he  says,  “  the  changes  in  the  vascular  stroma  may  take 
the  form  of  circumscribed  cellular  infiltrations  of  the  interlobular  and 
circum-glonierular  tissue,  a  condition  of  acute  disseminated  interstitial 
nephritis.  The  cellular  infiltration  makes  its  appearance  in  the  neigh¬ 
borhood  of  the  stellate  and  interlobular  veins,  and  is  usually  so  intense 
in  these  parts  that  in  stained  preparations  the  infiltrated  patches  are 
easily  discernible  under  a  low  poAver  of  the  microscope.  The  cellular 
aggregations  are  most  numerous  in  the  outer  zone  of  the  cortex  and  in 
the  boundary  zone  between  the  cortex  and  medulla,  the  middle  part 
of  the  cortex  being  seldom  much  affected.”  He  says  nothing  of  the 
character  or  origin  of  the  cells,  and  thinks  the  condition  may  run  a 
subacute  course,  gradually  passing  into  the  parenchymatous  type. 

The  best  description  of  the  gross  and  microscopic  condition  in  such 
kidneys  is  given  by  Orth  (34).  He  says: 

“  It  is  rare  that  oedema  is  the  inost  essential  inflammatory  change  in 
the  interstitial  tissue.  I  have  often  seen  kidneys  in  Avhich  the  tubules 
and  glomeruli  were  normal  and  in  wliich  the  only  change  consisted  in  a 
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small-celled  infiltration  of  the  interstitial  tissue.  Such  cases  have  been 
described  as  acute  interstitial  nephritis,  as  productive  nephritis,  as  granu¬ 
lating  nephritis,  and  as  lymphomatous  nephritis.  These  kidneys  are 
more  or  less  enlarged  and  softer;  the  surface  is  mottled,  of  a  grayish-red 
or  grayish-white  color,  the  markings  cannot  he  distinguished.  Such 
kidneys  can  he  distinguished  from  those  of  acute  parenchymatous  nephri¬ 
tis  by  the  absence  of  the  markings  and  the  cloudiness  of  the  cortex, 
klicroscopically  there  is  an  irregular  distribution  of  cells  between  the 
urinary  tubules.  These  cells  have  a  round  vesicular  nucleus,  they  are 
not  similar  to  emigrated  leucocytes,  and  I  regarded  them  as  due  to 
growth  of  the  connective-tissue  cells,  although  their  frequent  relation 
to  the  small  veins  would  rather  speak  in  favor  of  emigration.” 

I  have  previously  (.35)  reported  eight  cases  of  this  lesion  in  the  kid¬ 
ney  ;  three  of  these  were  from  scarlet  fever ;  two  from  diphtheria ;  one 
followed  a  criminal  abortion,  and  two  were  of  unknown  origin.  In 
all  the  cellular  infiltration  of  the  interstitial  tissue  was  the  most 
marked,  and  in  some  cases  the  only  change.  Since  then  I  have  had 
the  opportunity  of  examining  microscopically  the  kidneys  from  a 
great  many  cases  of  diphtheria,  scarlet  fever,  and  other  acute  infec¬ 
tious  diseases,  and  in  the  routine  microscopic  examination  have  found 
cases  which  showed  every  degree  of  alteration  and  most  of  which 
would  have  been  overlooked  without  microscopic  examination.  The 
result  of  the  further  study  of  this  important  lesion  in  the  kidney  has 
thrown  some  light  on  the  subject,  and  certainly  caused  me  materially 
to  change  my  view’s  as  to  the  origin  of  the  cells  in  the  interstitial 
tissue.  In  my  previous  communication  I  regarded  the  interstitial  cells 
as  derived  from  proliferation  of  the  fixed  cells  of  the  tissue,  particu¬ 
larly  from  the  endothelium  of  the  blood-vessels. 

MACROSCOPIC  CHAXGES. 

In  the  most  marked  cases  the  kidneys  arc  greatly  enlarged;  in  one 
case  of  diphtheria  and  measles  in  a  child  aged  tw’o  years  the  com¬ 
bined  weight  of  the  kidneys  w’as  480  grammes.  In  another  child 
aged  eight  years,  w’ith  scarlet  fever,  the  kidneys  w’eighed  400  grammes; 
in  tw’o  other  cases  of  diphtheria,  one  in  a  child  of  five,  the  other  in  a 
child  of  two  and  a  half  years,  the  kidneys  weighed  250  and  225 
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grammes.  This  extreme  size,  which  may  be  more  than  three  times 
the  normal,  as  in  the  first  case  mentioned,  is  rare.  In  most  cases  the 
kidneys  were  but  slightly  if  at  all  enlarged.  The  appearance  varies. 
In  the  most  marked  cases  the  kidney  presents  an  appearance  which 
can  be  mistaken  for  nothing  else  unless  it  be  the  leuksemic  kidney. 
The  capsule  is  distended,  thin  and  easily  removed,  often  separating 
spontaneously  on  section  of  the  kidney.  The  foetal  markings  are  less 
distinct  and  often  obliterated.  The  surface  is  pale,  of  a  peculiar 
grayish-opaque  color,  somewhat  resembling  the  amyloid  kidney,  mot¬ 
tled,  with  irregular,  more  hyperaemic  areas;  the  stellate  veins  of  the 
surface  are  injected,  often  showing  small  punctate  ecchymoses  around 
them.  In  some  cases  the  surface  is  irregular,  due  to  the  projection 
of  small  irregular  nodules  which  are  more  opaque  than  the  surround¬ 
ing  tissue. 

On  section  of  such  kidneys  the  normal  markings  of  the  cortex  are 
obliterated,  and  the  contrast  between  pyramids  and  cortex  is  less  dis¬ 
tinct.  The  great  increase  in  size  is  principally  in  the  cortex,  which 
may  be  three  or  more  times  thicker  than  normal.  The  glomeruli  are 
not  injected,  and  cannot  be  distinguished.  The  general  color  of  the 
cut  surface  is  grayish  and  opaque,  with  scattered  areas  of  injection, 
and  a  few  small  scattered  ecchymoses.  Corresponding  to  the  elevated 
areas  on  the  surface,  there  are  often  areas  more  opaque  than  the 
general  cut  surface,  Avhich  extend  in  lines  from  the  pyramids  through 
the  cortex.  At  the  bases  of  the  pyramids  the  same  opacity  of  the 
tissue  is  seen.  The  tissue  of  the  kidney  is  soft,  lax,  and  easily  broken. 
It  is  very  moist,  and  an  opaque  milky  fluid  may  be  pressed  out,  and 
often  flows  from  the  cut  surface.  On  scraping  the  tissue  with  a  knife 
a  milky  fluid  with  small  granular  masses  may  be  removed.  In  the 
less  marked  cases  there  is  usually  some  degree  of  mottling,  the  cut 
surface  is  moist,  and  there  are  fine  opaque  lines  or  points.  In  many 
cases  the  changes  are  most  evident  at  the  bases  of  the  pyramids  and 
marked  by  a  swelling  and  greater  opacity  of  the  tissue  here.  A  very 
marked  degree  of  change,  as  shown  microscopically,  may  be  present 
without  producing  macroscopic  differences  in  the  appearance  of  the 
kidney. 
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MICROSCOPIC  CHANGES. 

Sections  of  the  fresh  kidneys,  to  determine  the  presence  of  fatty 
degeneration,  showed  this  change  to  be  generally  present,  though  in 
slight  degree.  Fat  was  found  in  the  epithelium  of  the  tubules,  and 
principally  in  the  smaller  collecting  tubules.  In  a  few  cases  foci  of 
more  intense  fatty  degeneration  were  found  in  the  convolnted  tubules. 
Occasionally  a  slight  amount  of  fat  was  found  in  the  interstitial  tissue, 
but  not  in  the  cells  infiltrating  this. 

For  microscopic  examination  thin  sections  of  the  tissue  were  hard¬ 
ened  in  Zenker’s  fluid,  in  con’osive  sublimate,  in  alcohol,  and  in 
Flemming’s  solution.  In  general  the  best  results  are  obtained  after 
hardening  in  Zenker’s  fluid,  and  this  was  used  in  all  of  the  routine 
examinations.  The  other  solutions  were  only  used  in  special  cases 
and  where  the  lesions  were  evident  on  macroscopic  examination.  Var¬ 
ious  stains  were  used,  the  most  satisfactory  results  being  obtained  by 
staining  deeply  with  eosin,  followed  by  Unna’s  alkaline  methylene- 
blue  solution. 

In  the  most  marked  cases  examination  Avith  low  power  shoAvs  the 
tubules  to  be  Avidely  separated  and  an  intense  cellular  infiltration  of 
the  interstitial  tissue.  This  is  marked  in  all  parts,  but  is  more  intense 
in  certain  areas.  These  are  most  often  situated  beneath  the  capsule 
(Plate  XXXV  n.  Fig.  1)  and  at  the  bases  of  the  pyramids,  and  from 
these  places  the  infiltration  sometimes  extends  doAvnAA'ard  or  upAvard. 
In  the  middle  of  the  cortex  there  are  also  smaller  areas  of  intense 
infiltration  Avhich  seem  not  to  be  connected  either  Avith  the  areas  be¬ 
neath  the  capsule  or  Avith  those  at  the  base  of  the  pyramids.  In  these 
areas  the  interstitial  cells  are  closely  packed  together,  Avith  no  intervals 
betAveen  them.  AVhere  the  infiltration  is  less  intense,  the  cells  lie 
singly  in  the  tissue.  Around  all  the  glomeruli,  but  outside  of  the 
capsules,  there  seems  to  be  more  marked  infiltration  than  elsoAvliere, 
save  in  the  areas  mentioned.  In  the  pyramids  the  infiltration  is  often 
as  intense  as  in  the  cortex,  extending  doAvn  to  the  pelvis. 

With  high  poAA’er  (Plate  XXXVII,  Fig.  2)  the  cells  in.  the  inter¬ 
stitial  tissue  present  a  striking  appearance.  Most,  and  in  some  cases 
all  of  them,  are  of  the  same  character.  They  vary  someAvhat  in  size 
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and  in  shape.  They  are  generally  much  larger  than  the  polymor¬ 
phonuclear  leucocytes,  and  may  he  from  two  to  four  times  the  diameter 
of  a  red  hlood-corpitscle.  Their  shape  A’aries;  the  single  cells  not  in 
contact  with  one  another  may  be  round;  but  where  they  are  packed 
together  the  shape  is  influenced  by  the  mutual  pressure.  The  nuclei 
present  some  variation  in  size,  they  are  never  vesicular,  the  periphery 
stains  deeply,  and  there  are  intensely  stained  points  of  variable  size  in 
the  interior.  The  stained  periphery  often  projects  at  cei’tain  points 
into  the  interior  of  the  nucleus,  and  in  most  of  the  nuclei  an  intra¬ 
nuclear  network  connecting  the  brightly  stained  points  within  the 
nucleus  and  the  points  on  the  nuclear  rim  can  be  made  out.  The 
general  body  of  the  nucleus  stains  deeply.  In  most  cases  there  is  but 
a  single  nucleus  in  a  cell.  In  others  two  or  even  three  may  be  present. 
The  nucleus  occupies  a  very  characteristic  position.  It  is  eccentric, 
and  when  the  cells  are  elongated  it  lies  usually  at  one  of  the  ends. 
This  eccentric  position  of  the  nucleus  is  sometimes  so  marked  that  it 
a])parently  projects  from  the  protoplasm. 

The  amount  of  protoplasm  around  the  nucleus  varies.  Most  of 
the  cells  have  a  large  amount,  while  in  others  the  nuclei  are  found 
with  but  little  surrounding  them.  The  protoplasm  is  dense  and  often 
finely  granular.  In  some  of  the  cells  the  granulation  is  much  more  evi¬ 
dent  than  in  others.  Even  in  the  cells  lying  singly  in  the  tissues  the 
contour  is  not  always  sharp  and  round.  In  many  cases  both  the  cells 
here  and  in  the  masses  have  an  irregular  outline  due  to  the  protrusion 
of  elongated  and  often  knob-like  masses  of  protoplasm.  These  present 
every  resemblance  in  shape  to  leucocytes  fixed  while  in  emigration, 
and  there  is  little  doubt  that  these  irregularities  of  form  are  due  to 
amoeboid  movements.  There  is  no  appearance  of  a  membrane  around 
any  of  these  cells.  Their  most  characteristic  feature  is  the  staining 
of  the  protoplasm.  With  most  of  the  nuclear  stains  used  singly  the 
protoplasm  stains  faintly,  but  more  intensely  than  that  of  the  epithe¬ 
lial  cells.  With  strongly  alkaline  methylene-blue  the  proto])lasm 
stains  dee])!}',  and  the  blue  color  is  preserved  after  counter-staining 
with  eosin.  A  faint  bluish  tint,  giving  with  the  eosin  a  lilac  tint,  is 
often  seen  in  the  protoplasm  of  the  epithelial  cells,  but  in  the  inter- 
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stitial  cells  the  color  is  a  deep  blue.  The  cells  can  he  instantly  dis¬ 
tinguished  in  a  section  even  with  a  low  power  by  their  characteristic 
color.  ^N^uclear  figures  are  very  numerous.  As  many  as  three  or 
four  are  often  seen  in  the  field  of  an  oil  immersion.  The  cells  in 
which  the  nuclear  figures  are  found  are  large  and  have  an  abundant 
and  distinctly  granular  protoplasm,  the  granules  staining  a  deep  blue. 

These  cells  are  found  in  the  interstitial  tissue.  In  all  of  the  sec¬ 
tions  examined  I  have  never  found  one  of  them  Avithin  a  tubule.  In 
the  interstitial  tissue  they  lie  loosely  in  the  spaces  of  the  tissue,  and  .a 
few  are  constantly  found  in  the  blood-vessels.  They  are  not  phago¬ 
cytic;  neither  leucocytes,  red  blood-corpuscles,  nor  detritus  of  other 
cells  are  found  inclosed  in  them. 

In  the  A’ery  marked  cases,  in  which  the  kidneys  are  soft  and  enlarged, 
other  cells  are  constantly  found  in  varying  numbers  in  the  interstitial 
tissues.  The  most  numerous  are  cells  corresponding  to  the  lymphoid 
cells  (Plate  XXX YII,  Fig.  2) ;  the  nuclei  of  these  stain  very  much  as 
do  the  nuclei  of  the  large  cells,  and  eA’ery  gradation  can  be  seen  be¬ 
tween  the  naked  nuclei  of  tiie  lymphoid  cells  and  the  large  cells. 
Polynuclear  leucocytes  are  usually  present  in  varying  numbers,  de¬ 
pending  on  the  degree  of  degeneration  in  the  epithelium.  In  a  few 
cases,  especially  where  the  lesions  are  very  marked  and  the  tissue  is 
disintegrated,  I  have  also  found  cells  of  the  epithelioid  type  in  the 
interstitial  tissue.  These  cells  are,  as  a  rule,  larger,  the  protoplasm 
is  finely  granular,  staining  with  eosin,  the  nucleus  is  less  intensely 
stained  than  are  the  nuclei  of  the  interstitial  cells,  and  clearly  A’csi- 
cular.  I'hey  can  be  easily  distinguished  from  the  blue-staining  cells 
and  there  is  no  transition  between  them.  These  epithelioid  cells, 
which  are  probably  derived  from  proliferation  of  the  tissue  cells,  are 
eminently  phagocytic.  I  have  found  red  blood-corpiiscles,  leucocytes, 
and  in  some  cases  the  blue-stained  cells  inclosed  within  them.  Xuclear 
figures  are  occasionally  seen  in  the  epithelioid  cells,  but  neA  cr  to  the 
extent  observed  in  the  blue  cells. 

I'lie  epithelium  shows  various  degrees  of  degeneration,  and  in 
places  the  tubules  seemed  to  In*  actually  destroyed. 

The  tubules  are  separated  by  wide  areas  of  interstitial  cellular  infil- 
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tration,  and  often  no  tiibnles  can  be  found  in  comparatively  large 
areas.  The  slightest  change  found  in  the  epithelium  is  a  marked 
degree  of  cloudy  swelling.  In  places  the  cells  contain  globular  masses 
of  hyaline,  and  the  lumen  of  the  tubule  may  be  filled  with  the  same 
material.  In  other  cases  the  cells  are  swollen,  vacuolated,  and  the 
greater  part  of  the  protoplasm  may  be  lost,  leaving  only  a  small 
granular  mass  about  the  pale  .and  rather  shrunken  nucleus.  In  places 
the  tubules  may  contain  desquamated  epithelium  or  granular  masses 
derived  from  it.  The  number  of  leucocytes  present  seems  to  depend 
upon  the  degree  of  destruction  of  the  epithelium;  they  may  be  seen  in 
the  interstitial  tissue,  in  the  epithelial  cells,  and  in  the  lumina  of  the 
tubules.  The  glomeruli  usually  show  no  changes,  although  cases  of 
typical  glomerulo-nephritis  may  be  met  with  in  which  acute  inter¬ 
stitial  nephritis  is  present  as  a  complication.  Granular  coagulated 
material  may  be  present  in  the  capsular  space,  but  even  this  is  often 
absent. 

In  the  less  marked  cases  (Plate  XXXYII,  Fig.  1)  the  general  diffuse 
interstitial  infiltration  is  absent.  A  few  scattered  blue-staining  cells 
may  be  found,  but  the  lesions  are  eminently  focal.  In  some  cases  the 
foci  are  so  numerous  that  on  holding  a  section  to  the  light  they  appear 
as  scattered  blue  specks  or  lines  (Plate  XXXVIII,  Fig.  3).  Most  of 
these  areas,  Avhen  observed  with  the  naked  eye  or  a  very  low  power, 
have  their  longitudinal  a.xes  in  the  direction  of  that  of  the  pyramids. 
In  these  foci  the  cells  in  the  interstitial  tissue  are  in  great  numbers, 
but  not  so  numerous  as  in  the  foci  in  the  most  marked  cases.  These 
foci  are  principally  found  in  three  places  in  the  tissue.  As  a  rule, 
they  are  most  numerous  and  largest  at  the  bases  of  the  pyramids,  and 
from  this  point  they  may  extend  upward  in  the  pyramidal  extensions. 
Occasionally  they  are  in  large  masses  around  the  interlobular  vessels. 
Xext  in  frequency  the  foci  are  found  beneath  the  capsule  around  the 
large  branches  of  the  stellate  veins,  which  are  often  greatly  dilated. 
Smaller  foci  may  be  fotind  at  various  places  throughout  the  cortex, 
but  in  the  cortex  they  are  most  frequent  aroiind  the  glomeruli.  The 
number  of  foci  around  the  glomeimli  vr.ries  greatly  in  different  cases. 
In  some  there  are  cell  masses  around  j»ractically  every  glomerulus,  in 
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others  only  scattered  glomeruli  are  affected.  I  have  never  found  a 
case  in  which  the  interstitial  areas  weie  confined  to  the  tissue  around 
the  glomeruli,  but  there  were  numerous  cases  in  which  the  infiltration 
was  confined  to  the  bases  of  the  pyramids  or  to  the  subcapsular  cortex. 

These  focal  areas  seem  to  stand  in  no  relation  to  focal  degenei’ation 
of  the  epithelium.  In  all  cases  degeneration  of  the  epithelium  is 
present.  Where  the  infiltration  is  jnost  intense  there  is  apt  to  he 
extensive  degeneration  and  even  necrosis  of  the  epithelium  of  the 
tubules,  but  this  is  probably  secondary,  and  due  to  compression  of  the 
tubules  and  vessels.  In  these  larger  areas  there  are  usually  numbers 
of  pus  cells  which  may  be  found  within  the  tubules  (Plate  XXXVII, 
Fig.  2).  In  the  smaller  areas  no  evidence  of  greater  degeneration  of 
the  epithelium  can  l)e  found  than  elsewhere  in  the  kidney,  and  a  high 
degree  of  degeneration  may  be  found  without  any  interstitial  changes. 

These  changes  in  the  interstitial  tissue  are  always  accompanied  by 
changes  in  the  vessels  (Plate  XXXVIII,  Figs.  4,  5,  6,  Tb  The  inter¬ 
stitial  cells  are  found  in  the  vessels  as  well  as  in  the  tissue,  and  they 
may  be  so  crowded  in  these  and  in  the  surrounding  tissue  that  it  is 
diflficult  to  distinguish  the  vessels.  Most  of  the  cells  in  the  vessels 
hai'c  the  same  character  and  the  same  peculiarity  of  staining  as  the 
cells  outside.  Xuclear  figures  (Plate  XXXVIII,  Figs.  5  and  7)  are 
found  in  these  cells,  but  not  in  such  numbers  as  in  the  cells  in  the 
interstitial  tissue.  There  are  few  polynuclear  leucocytes  among  them. 
The  numbers  of  cells  in  the  vessels  are  not  always  proportionate  to  the 
numbers  in  the  interstitial  tissue.  Vessels  blocked  with  cells  may 
show  but  slight  interstitial  change,  and  occasionally  interstitial  foci 
are  found  where  but  few  cells  can  be  made  out  in  the  vessels. 

In  making  a  systematic  study  of  the  kidneys  in  a  large  number  of 
cases  of  acute  nephritis  special  attention  was  given  to  the  presence  of 
these  cells  in  the  vessels.  The  vessels  in  Avhich  the  greatest  niimber 
were  found  are  always  the  branches  of  small  veins  in  the  upper 
part  of  the  pyramid.  In  a  large  number  of  cases  such  cell  accu¬ 
mulations  were  found  in  the  vessels  without  any  change  in  the 
interstitial  tissue  and  Avithout  any  more  than  the  ordinary  degenera¬ 
tion  of  the  epithelium.  In  some  eases  all  of  the  veins  in  this  part  of 
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tlie  kidney  were  so  blocked  np  with  cells  that  on  bolding  a  stained 
specimen  to  the  light  there  was  a  decided  blue  color  of  the  upper  part 
of  the  pyramid.  Such  cell  collections  were  occasionally  seen  in  the 
stellate  veins  of  the  cortex  and  elsewhere,  but  in  many  cases  they 
were  confined  to  the  A^eins  of  the  pyramids.  Most  of  these  cells  in 
the  A’eins  Avere  of  the  same  character  as  those  in  the  interstitial  tissue. 
The  main  difference  betAveen  the  cells  in  the  A’^essels  and  those  in  the 
tissue  AA'as  that  the  A’essel  cells  Avere  round  and  regular  in  shape. 
These  cell  accumulations  in  the  A’essels  Avithout  interstitial  lesions  Avere 
found  in  16  out  of  103  cases  of  pure  diphtheria;  in  1  case  out  of  10 
in  pure  scarlet  fever:  in  3  out  of  23  in  diphtheria  and  scarlet  fever; 
in  2  cases  of  diphtheria  and  measles;  in  1  case  of  pyelo-nephritis,  and 
in  1  case  of  acute  endocarditis;  in  24  cases  in  all. 

There  can  be  but  one  source  for  the  cells  in  the  interstitial  tissue; 
they  must  come  from  the  blood-vessels.  In  the  first  place,  there  are 
no  cells  in  the  tissue  outside  of  the  blood-vessels  Avhich  could  give 
origin  to  them.  Practically  the  only  cells  Avhich  Ave  liaA^e  in  the  inter¬ 
stitial  tissue  of  the  kidney  outside  of  the  small  collections  of  lymphoid 
cells,  sometimes  seen  around  the  larger  veins,  are  the  cells  of  the 
blood  and  lymphatic  vessels.  It  is  probable  that  there  are  cells  be¬ 
longing  to  the  connectrie  tissue,  but  it  is  difficult  to  demonstrate  their 
presence.  These  cells  in  the  most  advanced  cases,  in  Avhich  there  is 
actual  destimction  of  the  tissue,  do  proliferate  and  mingle  Avith  the 
other  cells  in  the  interstitial  tissue.  The  resulting  cells  are  the  epi¬ 
thelioid  cells,  and  can  be  distinguished  by  the  nucleus,  the  staining  of 
the  protoplasm  and  their  marked  phagocytic  properties,  from  the 
interstitial  cells.  Cells  similar  to  the  interstitial  cells  ai’e  found  in  the 
blood-vessels  in  the  interstitial  cases  and  in  cases  in  Avhich  there  are 
no  interstitial  lesions.  It  is  impossible  to  see  the  irregular  shapes 
and  protrusions  of  the  protoplasm  of  many  of  the  cells  in  the  inter¬ 
stitial  tissue  without  being  convinced  of  their  amoeboid  properties. 
In  a  fcAv  cases  similar  changes  of  form  Avere  seen  in  the  cells  Avithin 
the  vessels,  and  in  several  instances  such  cells  AA^ere  found  in  the  act 
of  emigration,  part  of  the  cell  being  Avithin  and  part  Avithout  the 
vessel  (Plate  XXXVIII,  Fig.  10).  The  cells  are  principally  confined 
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to  the  vessels  in  the  places  I  have  mentioned.  A  few  may  he  found 
in  the  larger  veins,  and  they  are  occasionally  seen  in  the  vessels  of  the 
glomerulus. 

The  part  which  these  cells  play  in  pathology  has  received  but  little 
attention.  Similar  collections  are  most  frequently  described  as  small- 
celled  infiltration,  and  no  attention  has  been  directed  to  their  character 
and  source.  Unna  was  the  first  one  who  separated  out  from  the  cell 
collections  in  the  interstitial  tissue  certain  cells  marked  by  a  peculiar 
stain  of  the  protoplasm,  to  which  he  gave  the  name  plasma  cells. 
Since  then  they  have  received  considerable  attention  from  the  der¬ 
matologists  and  but  little  from  pathologists.  I  consider  the  cells  I 
have  described  in  the  interstitial  tissue  identical  with  Unna’s  plasma 
cells.  Unna  (36)  describes  in  lupus  cells,  whose  protoplasm  stained 
deeply  with  alkaline  methylene-blue,  and  which  do  not  decolorize  as 
the  other  cells.  He  considers  them  identical  with  the  cells  described 
by  AValdeyer  as  plasma  cells,  and  gives  them  the  same  name.  As  these 
cells  appear  in  the  tissue  the  connective-tissue  cells  disappear,  and  he 
supposes  that  they  are  derived  from  the  connective-tissue  cells.  In 
his  first  article  on  the  subject  Unna  supposes  that  these  cells  were 
peculiar  to  the  ti;berculous  process.  lie  subsequently  (37)  describes 
the  cells  more  fully,  modifying  his  first  description  in  several  particu¬ 
lars.  In  this  article  he  considers  them  as  greatly  hypertrophied  con¬ 
nective-tissue  cells.  Idle  blue  staining  is  due  to  the  presence  of  fine 
granules  imbedded  in  the  s\ibstance  of  the  cell.  He  finds  that  they 
play  an  important  part  in  the  pathology  of  skin  diseases,  and  that  cer¬ 
tain  new  formations  in  the  skin,  to  which  he  gives  the  name  plasmo- 
mata,  may  be  composed  of  them.  The  tumor  cells  in  the  round-cell 
sarcoma  are  derived  exclusive^  from  these  cells,  and  they  form  the 
chief  part  of  the  cellular  infiltration  around  other  tumors.  They  are 
exclusively  a  pathological  product,  and  are  never  found  in  embryonic 
or  in  normal  tissues. 

Jadassohn  (38),  while  confirming  the  presence  in  the  tissues  of  the 
cells  described  by  Unna,  denies  that  they  are  to  be  differentiated  from 
the  other  cells  of  the  tissue  solely  by  Unna’s  method  of  staining.  He 
finds  them  in  various  inflammatory  affections  of  the  skin,  and  thinks 
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they  may  be  present  in  any  form  of  acnte  inflammation  with  the 
exception  of  the  suppurative.  While  he  is  nncertain  abont  their 
orijjin,  he  denies  that  they  are  related  to  the  connective-tissue  cells. 

Waldeyer  at  first  believed  that  the  cells  described  by  TJnna  were 
identical  with  his  plasma  cells,  but  he  afterward  (39),  in  an  article  on 
the  cells  of  the  connective  tissue,  declares  that  the  latter  belong  to  the 
group  of  ^^fast-cclls,  which  are  different  from  the  cells  described  by 
Unna.  lie  does  not  think  the  word  ]ilasma  cell  should  be  used  to 
designate  any  of  the  connective-tissue  cells. 

^farschalkd  (40)  has  Avrittcn  an  important  article  bearing  on  the 
presence  and  origin  of  these  cells.  ITe  finds  them  not  only  in  various 
tumors  and  chronic  inflammatoiy  conditions,  but  also  in  acute  inflani- 
mation  produced  by  the  injection  of  carbolic  acid  into  the  liver,  and  in 
acute  suppurative  iuflaimuations  produced  in  the  subcutaneous  con¬ 
nective  tissue.  They  ai)pear  in  the  tissue  within  twenty-four  hours, 
and  are  derived  from  the  lymphoid  cells  of  the  blood.  These  accu¬ 
mulate  in  the  vessels  in  the  periphery  of  the  inflamed  area,  pass 
through  the  Avails,  and  change  into  plasma  cells  in  the  tissues.  He 
lays  more  stress  on  the  morphology  of  these  cells,  the  character  of 
the  protoplasm  and  nucleus,  and  the  constant  eccentric  position  of  the 
latter,  than  on  any  peculiarity  of  staining.  lie  finds  them  in  the 
A’essels  of  the  liver  at  a  distance  from  the  inflammatory  focus  and  in 
the  vessels  of  the  spleen.  He  also  finds  them  in  small  numbers  in 
the  spleen,  lymph-glands,  and  bone-marroAV.  He  makes  the  A^ery 
im])ortant  obseiwation  that  after  the  injection  of  tuberculin  their  num¬ 
bers  in  the  vessels  of  the  spleen  are  greatly  increased. 

Hodara  (41),  Avorking  under  the  direction  of  Harrier,  took  up  again 
the  question  of  the  presence  of  plasma  cells  in  the  normal  tissues. 
He  does  not  find  them  in  the  bone-marroAv,  lymph-glands,  or  spleen, 
in  the  normal  embryo,  child,  or  adult.  He  thinks  that  iNIarschalko 
confounds  the  plasma  cells  Avith  certai.n  large  mononuclear  leucocytes, 
for  Avhich  he  proposes  the  name  polyeidocytes,  the  name  having  refer¬ 
ence  to  the  variability  of  form  Avhich  characterizes  these  cells.  In 
some  instances  these  cells  may  so  resemble  the  plasma  cells  in  size, 
form,  character,  and  staining  of  the  nucleus  and  protoplasm,  as  to  be 
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indistinguishable  from  them.  In  general  the  difference  between  the 
polyeidocyte  and  the  plasma  cell  consists  in  the  great  irregularity 
of  form  of  the  polyeidocyte  and  the  variability  in  form,  size,  and 
staining  of  its  nucleus.  The  only  other  article  of  importance  con¬ 
cerning  the  plasma  cells  is  that  of  Justi  (42),  who  takes  up  the  part 
which  they  play  in  the  formation  of  the  granulation  tissue.  Justi 
has  included  among  the  plasma  cells  large  cells  in  the  granulation 
tissue  containing  several  nuclei.  These  cells  are  characterized  as 
much  by  the  character  of  the  nucleus  and  protoplasm  as  by  their 
manner  of  staining.  Justi  places  the  plasma  cells  among  the  leuco¬ 
cytes,  and  thinks  they  are  derived  from  the  lymphocytes. 

It  is  perfectly  evident  that  the  cells  we  have  described  in  the  inter¬ 
stitial  tissue,  and  many  of  those  in  the  cell  accumulations  in  the 
blood-vessels  of  the  kidney,  are  the  plasma  cells  of  Unna.  As  to  their 
origin,  I  hold  the  same  opinion  as  Marschalkd,  and  they  are  derived 
from  the  lymphocytes.  In  the  kidney  they  enter  into  the  interstitial 
tissue  by  emigration  from  the  blood-vessels.  They  may  emigrate  from 
the  vessels  as  plasma  cells,  or  they  may  be  formed  from  emigrated 
lymphoid  cells.  They  have  been  seen  in  the  act  of  emigration,  and 
the  shapes  of  many  of  the  cells  in  the  interstitial  tissue  can  leave  no 
doubt  as  to  their  amceboid  character.  A  great  part  of  those  in  the 
interstitial  tissue  come  from  proliferation.  It  is  difficult  to  under¬ 
stand  why  previous  observers  of  these  cells  should  have  been  so  uncer¬ 
tain  as  to  their  mitotic  division,  and  should  have  found  it  necessary 
to  resort  to  the  very  uncertain  theory  of  multiplication  by  direct 
division  of  the  nucleus.  Nuclear  figures  are  as  numerous  in  the  inter¬ 
stitial  cells,  and  as  definite  considering  their  size,  as  will  be  found  in 
a  rapidly  growing  carcinoma.  Certainly  there  is  no  difficulty  in 
explaining  the  numbers  of  these  cells  met  with  in  the  kidney  by  emi¬ 
gration  and  proliferation.  Nuclear  figures  are  also  found  in  the  cells 
within  the  blood-vessels,  but  not  to  the  same  extent  as  in  the  inter¬ 
stitial  tissue. 

With  few  exceptions,  we  have  examined  in  eveiy  case  of  diphtheria 
and  scarlet  fever  sections  hardened  and  stained  in  the  same  way  not 
only  from  local  lesions,  but  from  the  liver,  spleen,  lungs,  lymph- 
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glands,  and  bone-marrow.  A  detailed  account  of  these  examinations 
will  appear  later.  It  Avill  be  sufficient  to  say  here  that  in  nearly 
every  case  of  both  diphtheria  and  scarlet  fever,  but  particularly  diph¬ 
theria,  both  those  in  which  interstitial  lesions  in  the  kidney  were 
marked  and  where  they  were  absent,  great  numbers  of  plasma  cells 
are  found  in  the  spleen  and  bone-marrow.  They  are  also  found  in 
the  lungs,  liver,  capillaries,  and  lymph-glands.  The  principal  seat  of 
their  formation  seems  undoubtedly  to  be  the  spleen,  where  they  are 
formed  from  the  lymphoid  cells.  Sections  of  the  spleen  in  some  cases 
show  nearly  the  whole  of  every  Malpighian  body  converted  into 
plasma  cells.  Groups  of  them  were  also  found  in  the  pulp  of  the 
spleen  and  in  the  vessels.  In  all  these  places  there  are  numerous 
nuclear  figures.  It  is  not  probable,  as  Unna  assumes,  that  direct 
nuclear  division  ever  takes  place  in  these  cells.  In  the  bone-marrow, 
which  is  red  in  nearly  every  ease,  numerous  groups  of  plasma  cells  are 
also  found.  In  the  lungs  they  are  found  in  great  numbers  in  the 
blood-vessels,  but  especially  in  the  connective  tissue  of  the  lung  around 
the  bronchi  and  blood-vessels.  In  places  they  play  an  important  part 
in  the  cellular  exudation  in  the  focal  pneumonia,  but  are  found  princi¬ 
pally  in  the  vessels  and  interstitial  tissue,  rarely  in  the  alveolar  exu¬ 
dation.  In  the  lymph-glands,  save  in  those  in  the  immediate  vicinity 
of  the  throat  lesions,  they  are  much  less  numerous  than  in  the  spleen 
and  bone-marrow.  In  the  liver  they  are  in  the  capillaries,  and  prob¬ 
ably  come  there  from  the  spleen.  Sections  from  the  larger  blood¬ 
vessels  containing  blood,  and  of  decolorized  blood-clot  from  the  heart, 
are  not  so  satisfactory  for  examination  as  the  tissues,  but  they  are 
found  here  in  small  muiibei’s. 

Investigations  are  now  in  progress  to  determine  the  presence  and 
numbers  of  these  cells  in  the  peripheral  circulation  in  cases  similar  to 
those  in  which  they  are  found  in  the  tissues. 

AVith  regard  to  the  presence  of  the  plasma  cells  in  nonnal  tissues, 
it  is  remarkable  that  those  investigators  who  have  taken  up  this  ques¬ 
tion  should  have  left  out  of  consideration  the  organ  in  which  they  are 
always  present  in  enormous  numbers.  In  the  alimentary  canal,  from 
the  stomach  to  the  ani;s,  all  the  cells  of  the  tissue  between  the  epithe- 
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Hum  and  the  muscularis  mucosa  are  practically  plasma  cells.  They 
are  comparatively  rare  in  the  follicles  in  this  region. 

In  the  tissues  examined  for  fatty  degeneration,  both  in  fresh  sec¬ 
tions  and  after  Flemming,  there  is  no  fat  found  in  the  plasma  cells. 
Evidence  of  cell  necrosis,  as  shown  hy  nuclear  detritus,  is  not  found 
in  them.  The  only  evidence  of  degeneration  which  may  he  present  in 
the  plasma  cells,  both  in  those  in  the  interstitial  tissue  and  in  those 
in  the  blood-vessels  (Plate  XXXYIII,  Fig.  8),  consists  in  the  presence 
of  vacuoles  in  the  cells,  or  hyaline  droplets  which  occupy  the  same 
position  as  to  the  vacuoles,  and  which  often  stain  homogeneously 
with  methylene-hlue. 

AVe  are  led  to  the  belief  that  the  plasma  cells  have  their  origin  in 
the  lymphoid  cells  from  the  similarity  of  their  nuclei  to  those  of  the 
lymphoid  cells,  and  from  the  presence  of  transitional  forms  between 
the  lymphoid  and  plasma  cells,  as  shown  by  the  gradual  accumulation 
of  protoplasm  of  the  same  character  as  that  of  the  plasma  cell  around 
the  nucleus.  This  does  not  take  place  evenly  around  the  nucleus,  but 
always  at  one  side.  The  constant  eccentric  position  of  the  nucleus  of 
the  plasma  cell  is  one  of  its  marked  characteristics. 

Ill  the  examination  of  the  kidneys  of  the  autopsies  in  the  last  two 
and  a  half  years  I  have  found  42  cases  of  acute  infectious  diseases  in 
Avhich  acute  interstitial  nephritis  was  present.  The  service  in  the 
hospital  is  an  acute  one,  and  there  are  comparatively  few  autopsies  on 
chronic  cases.  All  of  the  cases  in  which  interstitial  infiltration  with 
plasma  cells  was  found  are  included  in  the  42  cases;  those  in  which 
only  lymphoid  cells  were  found  around  the  large  interlobular  veins  are 
not  included.  The  majority  of  the  interstitial  cases  come  from  the 
acute  infectious  diseases  of  children,  which  make  up  a  large  part  of 
our  autopsy  material.  In  103  cases  of  pure  diphtheria  a  varying 
extent  of  interstitial  change  was  found  in  24.  In  20  cases  of  pure 
scarlet  fever  interstitial  lesions  were  found  in  5.  In  23  cases  of  mixed 
infection  of  diphtheria  with  scarlet  fever,  interstitial  nephritis  was 
found  in  5,  and  in  2  out  of  .5  cases  of  diphtheria  and  measles.  The 
other  diseases  in  which  the  lesion  Avas  found  Avere  measles  and  Avhoop- 
ing-cough,  1;  empysema,  Avith  subsequent  diphtheria  infection,  1; 


412 


Acute  Interstitial  Nephritis 


lobar  pneumonia  and  pericarditis,  1;  epidemic  cerebro-spinal  menin¬ 
gitis,  1 ;  lobar  pneumonia,  1 ;  acute  glomerulo-nephritis,  1 ;  acute  endo¬ 
carditis  following  abortion,  1. 

Acute  interstitial  nephritis  is  far  more  common  in  the  infectious 
diseases  of  children,  and  is  occasionally  seen  in  other  acute  infectious 
diseases.  This  fact  and  the  focal  character  of  the  lesions  suggest  at 
once  the  agency  of  bacteria.  The  general  diffuse  degeneration  of  the 
epithelium  which  was  so  constantly  found  is  evidently  to  be  referred 
to  the  action  of  some  soluble  toxic  substance.  The  results  of  the  bac¬ 
teriological  investigation,  both  by  microscopic  examination  of  sections 
stained  for  bacteria  and  by  cultures  of  the  oi’gans  made  at  the  autop¬ 
sies,  have  not  borne  out  the  bacteriological  theory.  In  all  eases  cul¬ 
tures  were  made  at  the  autopsies  from  the  primary  lesions  of  the 
disease,  whatever  its  character — from  the  blood,  lungs,  liver,  kidneys, 
and  spleen.  The  results  of  the  cultures  from  the  kidneys  in  the  42 
cases  of  interstitial  nephritis  were  as  follows:  In  24  cases  of  pure 
diphtheria  the  kidney  was  sterile  in  6.  In  11  the  colon  bacillus  was 
found;  in  1  case  the  staphylococcus  aureus;  in  5  cases  the  streptococcus 
pyogenes;  in  8  the  diphtheria  bacillus,  and  in  1  the  bacillus  foetidus. 
In  the  5  cases  of  pure  scarlet  fever  the  colon  bacillus  was  found  in  2, 
the  streptococcus  in  3,  and  the  staphylococcus  in  1.  In  the  8  cases  of 
mixed  infection  of  diphtheria  with  scarlet  fever  or  measles  2  were 
sterile;  in  3  the  streptococcus,  and  in  3  the  colon  bacillus  was  found. 
In  the  other  6  cases  the  colon  bacillus  was  found  in  3;  the  staphylo¬ 
coccus  aureus  in  2;  the  streptococcus  pyogenes  in  4;  the  pneumococcus 
in  1,  and  1  case  was  sterile.  I  have  included  the  colon  bacilhis  in  the 
result  of  the  bacteriological  examination,  although  I  am  not  inclined 
to  regard  the  presence  of  this  as  determined  by  cultures  made  at  the 
autopsy  as  a  matt(*r  of  much  etiological  value.  The  result  of  the  bac¬ 
teriological  examination  of  the  kidneys  in  the  same  diseases,  but  in 
which  interstitial  lesions  were  not  present  in  the  kidneys,  have  shown 
the-  same  results.  The  kidneys  were  sterile  or  the  same  organisms 
were  present  in  about  the  same  proiDortion.  It  is  obvious  from  this 
that  we  cannot  lay  any  weight  on  the  presence  of  bacteria  in  the  kid¬ 
neys  as  a  causative  factor  in  the  acute  interstitial  lesion. 
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In  seeking  an  explanation  of  the  focal  character  of  these  lesions 
their  situation  must  he  taken  into  account.  They  are  most  marked: 
First,  in  the  boundary  zone  of  the  pyramids;  secondly,  beneath  the 
capsule;  and  thirdly,  around  the  glomeruli.  There  can  he  but  two 
explanations  for  the  presence  of  these  foci.  Cells  are  brought  to  the 
foci  by  the  vessels,  they  emigrate  from  the  vessels  into  the  interstitial 
tissue,  but  probably  the  greater  part  of  those  in  the  interstitial  tissue 
come  from  proliferation.  Either  there  must  be  some  physical  condi¬ 
tion  in  the  circulation  Avhich  may  accoiint  for  their  accumulation  in 
the  vessels,  or  there  must  be  some  substance  in  the  tissues  which  exerts 
a  positive  chemotaxis  for  just  these  cells,  and  Avhieh  causes  both  their 
accumulation  in  the  vessels  and  their  emigi’ation  into  the  tissues. 
There  is  much  which  seems  on  purely  physical  grounds  to  favor  the 
accumulation  of  cells  in  the  long  veins  of  the  pyramids.  These  veins 
are  long,  they  are  numerous,  and  the  circulation  in  them  is  slow.  It 
is  possible  that  the  large  cells  in  the  circulating  blood  might  be 
mechanically  retained  in  these  vessels.  "Weight  is  given  to  such  a 
supposition  by  the  fact  that  oven  small  substances  in  the  circulating 
blood  may  be  mechanically  retained  here. 

The  hsematogenous  abscesses  of  the  kidney,  both  those  produced 
experimentally  and  those  seen  in  man,  are  more  apt  to  be  formed  in 
the  upper  part  of  the  pyramid  than  elsewhere  in  the  kidney.  The 
organisms  for  the  most  part  pass  through  the  capillaries  of  the  cortex; 
they  become  attached  to  the  walls  of  the  veins,  and  increase  there, 
finally  occluding  the  vessel  and  producing  necrosis  in  the  suri’ounding 
tissue.  The  presence  of  large  num!)ers  of  these  cells  Avithout  any 
emigration  speaks  in  favor  of  such  a  mechanical  theory.  The  same 
AAmuld  hold  true,  though  to  a  less  extent,  in  regard  to  the  cell  accumu¬ 
lations  in  the  stellate  veins.  Occasionally  the  cells  are  seen  here 
Avithout  interstitial  lesions,  but  to  nothing  like  the  same  extent  as  in 
the  pyramidal  vessels.  Xuclear  figures  are  found  in  the  cells  Avithin 
the  veins.  The  cells  can  pass  through  the  vessels  into  the  interstitial 
tissAte,  and  the  same  conditions  Avdiich  led  to  their  production  and 
proliferation  in  the  first  place  could  cause  them  to  proliferate  in  the 
interstitial  tissue.  Tumor  cells  can  act  in  this  AA’ay,  and  there  is  cer- 
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tainlj  some  temptation  to  regard  the  interstitial  foci  very  mnch  in  the 
same  light  as  tumor  metastases. 

Such  a  mechanical  theory  fails  to  explain  the  interstitial  foci  around 
the  glomeruli.  Occasionally  a  few  cells  may  he  found  in  the  vessels 
of  the  glomeruli  (Plate  XXXVIII,  Pig.  9)  without  any  interstitial 
lesions.  Xot  only  do  periglomerular  foci  speak  against  the  mechanical 
theory,  hut  these  cells  are  not  found  to  the  same  extent  in  the  vessels 
elsewhere,  even  in  organs  where  the  conditions  of  the  circulation  would 
seem  to  favor  their  presence.  A  few  are  almost  constantly  found  in 
the  capillaries  of  the  liver,  hut  their  production  in  the  spleen  would 
exjdain  this.  They  are  found  in  the  vessels  of  the  spleen  and  bone- 
m.aiTOw,  and  in  both  of  these  places  they  are  evidently  produced.  On 
the  other  hand,  assuming  that  their  presence  in  the  kidney  is  due  to 
some  substance  which  exerts  a  positive  chemotaxis  for  them,  there  are 
equal  difficiilties  in  an  explanation.  They  are  not  attracted  by  simple 
degeneration  and  necrosis  of  tissue,  as  are  the  polynuclear  leucocytes, 
and  are  not  simply  secondary  to  epithelial  degeneration.  Dr.  Morse 
in  a  study  of  cantharadin  poisoning  (not  yet  published)  has  shown 
most  extensive  degenerative  lesions,  and  even  necrosis,  without  any 
change  in  the  intei’stitial  tissue  and  without  leucocytes. 

Pibhert  (43)  has  recently  published  an  interesting  article  in  which 
he  endeavors  to  explain  the  focal  accumulation  of  cells  in  the  kidney. 
In  this  article  he  calls  attention  to  the  locality  of  the  foci  of  cellular 
infiltration  and  atrophy.  lie  finds  in  chronic  nephritis  the  lesions  in 
the  same  situations  which  I  find  in  the  acute  interstitial  process. 
Pibbert  explains  this  localization  by  the  degeneration  produced  in  the 
irregular  tubules  (Schaltstiicke)  by  the  concentrated  toxic  urine,  and 
by  the  toxic  urine  passing  directly  through  the  thin  capsules  of  the 
glomeruli.  The  pyramidal  lesions  are  due  in  j^art  to  the  toxic  action 
of  the  urine  in  the  collecting  tubules,  and  in  part  to  toxic  substances 
which  have  passed  into  the  tissue,  passing  along  the  lymph  spaces  to 
the  large  lymphatics  in  the  boundary  zone.  It  is  possible  that  the 
general  degeneration  of  the  epithelium  which  we  find  in  these  cases 
may  be  due  either  to  the  toxic  qualities  of  the  urine  or  of  the  blood. 
The  interstitial  lesion  may  be  due  to  some  substance  excreted  by  the 
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kidney,  the  foci  being  determined  either  by  the  action  of  this  mate¬ 
rial  where  it  becomes  more  concentrated,  or  where  it  escapes  into  the 
tissue,  or  the  paths  which  it  takes  in  the  tissue.  It  is  possible  that 
the  physical  conditions  of  the  circulation  in  the  kidney  may  play  a 
part,  and  possibly  an  important  part,  in  determining  the  foci. 

But  little  is  gained  from  the  clinical  study  of  these  cases.  There 
was  albumin  in  the  urine,  as  there  is  in  all  cases  of  diphtheria.  In 
none  of  the  cases  was  there  marked  diminution  in  the  amount  of  urine, 
and  in  none  was  there  oedema.  There  was  apparently  nothing  in  the 
clinical  history  of  the  cases  which  called  especial  attention  to  the 
condition  of  the  kidneys.  In  the  literature  of  the  disease  there  are 
some  cases  in  which  the  clinical  history  is  given.  In  Biermer’s  case, 
the  disease  being  scaidet  fever,  the  renal  symptoms  began  two  weeks 
before  death,  ■with  marked  diminution  in  the  amount  of  urine,  and 
dropsy  followed  by  uraemia.  In  3  cases  of  acute  lymphomatous 
interstitial  kidney  in  scarlet  fever  Avhieh  "Wagner  reports,  1  died  on 
the  tenth  and  2  on  the  seventeenth  day  of  the  disease.  All  3  of  the 
cases  had  pharyngeal  diphtheria.  Klein  found  the  condition  most 
frequently  in  those  patients  with  scarlet  fever  who  died  after  the  ninth 
day  of  the  disease.  Friedliinder  found  the  lesions,  which  he  describes 
as  interstitial  septic  nephritis,  in  those  cases  of  scarlet  fever  which  are 
accompanied  by  severe  dijilitheritic  septic  processes. 

The  disease  has  a  rapid  course,  and  normal  urine  may  be  seen  even 
twenty-four  hours  before  death.  Usually  there  is  no  oedema.  It  is 
probable  that  the  12  cases  which  Friedliinder  described,  and  which 
were  from  229  autopsies  on  scarlet  fever,  represented  marked  types  of 
the  disease  in  which  the  lesions  Avere  evident  macroscopically.  Had 
he  made  systematic  microscopic  examinations  he  must  have  found 
minor  degrees  of  similar  lesions  much  more  frequently.  Sorensen 
gives  the  clinical  histories  of  3  cases.  He  also  says  the  interstitial 
form  is  most  common  in  cases  of  severe  diphtheritic  septic  scarlet  fever, 
and  appears  early  in  the  disease.  In  one  of  his  cases  there  was  slight 
oedema  and  ascites. 

In  addition  to  these  42  cases,  in  which  the  interstitial  lesions  of  the 
kidney  were  due  to  a  general  disease,  3  were  found  in  which  the  inter¬ 
stitial  process  was  due  to  the  local  action  of  bacteria. 
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The  first  case  was  one  of  ascending  iireteritis  and  pyelonephritis. 
The  kidneys  were  enlarged,  weighing  390  grammes  (small,  slender 
woman),  in  jected,  somewhat  oedematons,  and  on  section  whitish-yellow 
streaks  in  the  cortex  extended  from  the  bases  of  the  pyramids  toward 
the  capsnle.  The  tissues  in  these  areas  of  infiltration  were  not  soft¬ 
ened.  Cultures  from  these  areas  gave  colon  bacilli  and  a  few  colonies 
of  streptococci.  On  microscopic  examination  of  sections  in  some  of 
the  larger  areas  there  was  a  mass  composed  of  necrotic  tissue  and  filled 
vdth  nuclear  detritus.  There  were  small  areas  where  the  necrotic 
tissue  seemed  to  have  been  composed  of  pus  cells,  but  for  the  most 
part  the  remains  of  the  cells  and  nuclei  seemed  to  have  come  from 
large  cells.  In  the  periphery  of  the  larger  foci,  and  in  the  whole 
extent  of  the  smaller,  there  was  intense  infiltration  of  the  tissue  with 
plasma  cells.  Sections  from  the  ureter  and  pelvis  of  the  kidney 
showed  slight  superficial  necrosis,  comparatively  few  pus  cells,  and 
great  numbers  of  plasma  cells.  Plasma  cells  were  found  in  the  vessels 
in  the  neighborhood  of  the  foci. 

The  second  case  was  one  of  haematogenous  abscesses  of  the  kidney 
following  carbuncle  of  the  neck  and  thrombosis  of  the  lateral  sinuses. 
The  kidneys  contained  numbers  of  small  abscesses,  which  were  most 
numerous  in  the  boundary  zone  of  the  pyramids.  Cultures  showed  a 
general  infection  with  staphylococcus  aureus.  Sections  showed  typi¬ 
cal  metastatic  abscesses  with  masses  of  large  micrococci  in  the  centre, 
and  around  these  a  mass  of  pus  cells  with  much  nuclear  detritus.  In 
the  tissue  on  the  outside  of  the  abscesses  there  were  numbers  of  large 
epithelioid  cells  which  often  contain  micrococci  and  other  cells  inclosed 
in  them.  Outside  of  these  there  was  extensive  infiltration,  with 
plasma  cells.  Plasma  cells  were  found  in  the  vessels. 

The  third  case  showed  both  processes,  a  general  interstitial  nephritis 
and  small  abscesses  with  surrounding  infiltration  with  plasma  cells. 
This  was  from  a  case  of  scarlet  fever  complicated  with  extensive 
abscess-formation  beneath  the  scalp.  Cultures  showed  a  general  sta¬ 
phylococcus  infection. 

In  all  three  cases  the  spleen  was  enlarged,  and  on  section  showed 
large  numbers  of  plasma  cells  in  the  tissue. 


AV.  T.  Councilman 


417 


gUMMAKY. 

Acute  interstitial  nephritis  is  found  in  the  infectious  diseases  of 
children,  particularly  in  diphtheria  and  scarlet  fever,  hut  may  he  met 
with  in  other  infectious  diseases. 

The  disease  is  characterized  hy  general  and  focal  infiltration  of 
the  interstitial  tissue  of  the  kidney  with  cells  which  correspond  to 
those  which  Unna  has  described  under  the  name  of  plasma  cells. 
The  focal  character  of  the  infiltration  is  marked;  even  in  the  cases  in 
which  all  parts  of  the  kidney  shoAV  some  interstitial  cellular  infiltra¬ 
tion  the  cells  are  most  abundant  in  certain  foci.  These  foci  are  found 
in  three  places:  in  the  boundary  zone  of  the  pyramids,  in  the  sub- 
capsular  region  of  the  cortex,  and  around  the  glomeruli.  A  con¬ 
siderable  number  of  cases  is  found  in  which  the  blood-vessels  of  the 
boundary  zone  of  the  pyramids  contain  numbers  of  lymphoid  and 
plasma  cells  without  any  infiltration  of  the  interstitial  tissue.  The 
new  cells  in  the  interstitial  tissue  are  due  to  emigration  from  the 
blood-vessels  and  multiplication  by  mitotic  division  of  the  cells  which 
have  emigrated.  The  cells  can  emigrate  as  plasma  cells  or  as  lymphoid 
cells,  and  the  latter  may  change  into  plasma  cells  in  the  tissues.  In 
the  normal  individiial,  plasma  cells  may  be  formed  in  the  mucous 
membrane  of  the  intestine,  where  they  practically  form  the  entire 
tissue  between  the  epithelium  and  the  muscularis  mucosa,  and  to  a 
limited  extent  in  the  spleen.  .  In  diphtheria,  in  scarlet  fever,  and 
probably  in  a  number  of  infectious  diseases,  plasma  cells  are  formed 
in  great  numbers  in  the  spleen  and  bone-marrow,  and  to  some  extent 
in  the  lymphatic  glands.  In  the  spleen  they  are  formed  from  the 
cells  of  the  Malpighian  bodies,  -which  are  often  principally  composed 
of  them,  and  to  some  extent  from  the  cells  in  the  pulp.  They  are 
formed  from  the  lymphoid  cells. 

No  adequate  explanation  is  found  for  the  focal  character  of  the 
lesions  in  the  kidneys.  There  is  some  ground  for  believing  that  the 
physical  conditions  of  the  circulation  may  have  something  to  do  with 
their  accumulation  in  the  vessels  in  certain  places.  It  is  also  possible 
that  in  the  interstitial  foci  there  may  be  soluble  substances  which 
exert  a  positive  chemotaxis  for  them.  Such  substances  may  he  found 
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in  tlie  nrine,  whicli  may  exert  its  influence  on  tlie  interstitial  tissue 
in  different  places.  The  explanation  of  the  foci  cannot  be  found 
in  primary  focal  degeneration  of  the  epithelium.  Epithelial  degener¬ 
ation  in  these  eases  is  always  present,  but  it  is  diffuse.  In  foci  where 
it  is  more  intense  and  due  to  the  interstitial  changes,  polynuclear  leuco¬ 
cytes  are  found  in  the  tissue,  in  the  degenerated  epithelium  and  in  the 
tubules.  Polynucleai*  leucocytes  and  not  plasma  cells  are  attracted 
by  degenerated  tissue.  The  foci  are  not  due  in  these  cases  to  the 
local  action  of  bacteria. 

In  a  number  of  the  cases  in  which  interstitial  nephritis  was  found 
the  kidneys  were  shown  to  be  sterile  both  by  cultures  and  by  micro¬ 
scopical  examination.  In  cases  where  bacteria  were  present  they  were 
found  only  in  small  numbers  in  cultures  and  not  on  microscopical 
examination,  and  their  connection  with  the  foci  could  not  be  demon¬ 
strated. 

In  three  cases  plasma  cells  were  found  in  the  interstitial  tissue  in 
definite  bacterial  diseases  of  the  kidney.  In  these  cases  they  were 
not  found  in  connection  with  the  lesions  produced  directly  by  the 
bacteria,  but  in  the  periphery  of  the  purulent  foci. 


DESCRIPTION  OF  PLATES  XXXVII  AND  XXXVIII. 

Plate  XXXVII. 

Fig.  1.  Circumscribed  focus  of  interstitial  nephritis  just  beneath  cortex. 
The  large  vein  to  the  right  of  the  specimen  is  a  branch  of  the  stellate  vein. 
Zeiss  AA,  No.  2  ocular.  All  the  other  figures,  with  the  exception  of  Fig.  3, 
are  drawn  with  1/12  Zeiss,  ocular  2.  All  are  drawn  by  camera. 

Fig.  2.  Plasma  cells  in  interstitial  tissue  between  tubules;  the  epithelium 
of  the  middle  tubule  is  degenerated,  the  tubule  eontains  polymorplionuclear 
leucocytes. 

Plate  XXXVIII. 

Fig.  3.  Section  of  kidney  magnified  five  times  to  show  the  granular  ap¬ 
pearance  of  the  section,  due  to  interstitial  foci. 

Figs.  4,  5,  G,  and  7.  Vessels  in  boundary  zone,  containing  plasma  cells. 
In  5  and  7  nuelear  figures  are  seen. 

Fig.  8.  Vessel  in  boundary  zone,  containing  two  degenerated  plasma  cells. 
Fig.  9.  Section  of  vessel  of  glomerulus,  showing  plasma  cells  in  vessel. 
Fig.  10.  Emigration  of  plasma  cell  from  small  vein  in  boundary  line. 
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A  CASE  OF  MYCETOMA  (MADUKA  FOOT). 


By  JAMES  H.  WRIGHT. 

{From  the  Lahoratonj  of  the  Massachusetts  General  Hospital.) 

Plates  XXXIX  and  XL. 

Mycetoma  is  a  chronic  inflammatory  process,  most  commonly  afl’ect- 
ing  the  tissues  of  the  foot,  in  which  suppurative  nodular  swellings, 
sinus  formation,  and  enlargement  and  distortion  of  the  parts  are 
prominent  features.  The  bones  may  become  involved  and  undergo 
a  rarefying  osteitis. 

The  affection  is  characterized  by  the  presence  in  the  diseased  tissue 
and  in  the  discharge  from  sinuses,  of  peculiar  granules,  usually  not 
more  than  one  millimetre  .in  diameter,  but  sometimes  larger.  These 
granides  in  certain  cases  are  of  a  black  color,  of  irregular  shape,  and 
are  hard  and  rather  brittle.  In  general  they  resemble  grains  of  gun¬ 
powder.  In  other  cases  the  granules  are  whitish,  greyish  or  yellowish 
in  color  and  are  of  a  soft  or  cheesy  consistency.  They  have  been 
compared  to  fish-roe  in  appearance.  A  very  few  cases  are  also  re¬ 
corded  in  which  the  granules  were  of  a  red  color.  There  is  no  good 
evidence  to  show  that  more  than  one  kind  of  granules  are  ever  present 
in  any  one  case  of  the  disease. 

On  account  of  the  fact  that  at  least  two  very  different  kinds  of 
gi’anules  are  found  associated  with  the  lesions,  two  varieties  or  forms 
of  the  disease  are  recognized:  the  ‘‘melanoid”  or  black  variety,  in 
which  the  granules  are  black,  and  the  “  ochroid  ”  or  pale  variety,  in 
which  the  granules  are  white  to  yellow  in  color.  A.  V andyke  Carter, 
who  was  the  first  to  show  that  mycetoma  was  a  special  pathological 
process  and  to  name  the  disease  itself  and  its  varieties,  considered  the 
granules  to  be  the  cause  of  the  affection  and  regarded  them  as  repre¬ 
senting  stages  in  the  life  history  of  one  and  the  same  fungus.  Carter 
claimed  that  he  had  cultivated  this  fungus  and  that  it  grew  as  a  pink 
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moiild.  This  pink  mould  was  studied  by  H.  J.  Berkeley  and  named 
by  him  “  Chionyphe  Carteri.”  The  connection  between  this  pink 
mould  and  the  granules  was  not  clearly  demonstrated,  owing  to  the 
conditions  under  which  the  cultivation  experiments  were  made,  so 
that  the  pink  mould  has  not  been  generally  believed  to  represent  the 
infecting  organism  in  the  process.  There  can  be  little  doubt,  how¬ 
ever,  that  Carter  saAv  and  recognized  in  the  black  granules  the  same 
fungus  elements  which  have  been  described  by  later  observers.  This 
is  quite  apparent  from  an  examination  of  the  plates  in  his  monograph,* 
published  in  1874. 

It  is  now  reasonably  certain,  hoAvever,  that  the  organism  of  the 
black  granules  is  of  an  entirely  different  character  from  the  organism 
or  organisms  making  up  the  pale  or  yellowish  granules.  Therefore 
in  summarizing  the  results  of  various  observers  who  have  studied  the 
nature  of  these  granules,  observations  on  the  black  granules  will  be 
considered  separately  from  those  upon  the  pale  or  yellow  granules. 

The  disease  is  endemic  in  India  and  has  been  observed  in  Africa, 
Italy  and  other  tropical  or  sub-tropical  countries.  In  America  it  is  of 
very  rare  occurrence,  only  three  undoubted  cases,  in  all,  having  been 
reported  up  to  the  present  time.  These  are  the  cases  of  Adami  and 
Kirkpatrick,!  of  Hyde,  Senn  and  Bishop,:);  and  of  Pope  and  Lamb.§ 
These  were  all  of  the  oehroid  variety  of  the  disease.  In  a  case  re¬ 
ported  by  Kemper  and  Jameson,  H  the  diagnosis  is  open  to  serious  ques¬ 
tion,  so  that  it  is  not  included  in  the  list. 

Observations  on  the  (jrannles  of  the  melanoid  variety.  Bristowe^  studied 
the  black  granules  in  a  single  case.  He  found  them  to  consist  “  of 
densely  aggregated  ramifying  tubules  ”  embedded  in  a  dark  colored 
matrix.  They  frequently  showed  dilatation  into  round  or  ovoid  cells. 
These  structures  he  considered  to  be  elements  of  a  fungus  identical  with 

*  A.  Vandyke  Carter.  On  mycetoma  or  the  fungus  disease  of  India. 
London,  1874. 

t  Trans,  of  the  Assoc,  of  Anicr.  PJii/sicians,  1895;  Montreal  Medical  Journal, 
January,  1896. 

%  Journal  of  Cutaneous  and  Oenito-Urinary  Diseases,  xiv  (1896),  1. 

§V(’iC  York  Medical  Journal,  September  19,  1896. 

II  American  Practitioner  (Louisville),  xiv  (1876),  129. 

^  Trans.  Path.  Soc.,  London,  1871. 
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that  described  by  Carter.  No  cultivation  experiments  were  made. 
Bristowe’s  description  and  drawings  of  the  microscopical  appearance  of 
the  granules  are  very  satisfactory.  It  is  quite  evident  that  he  had. 
before  him  the  same  organism  as  that  seen  by  Carter  in  the  black 
granules. 

Hogg  * * * §  also  examined  a  case  of  the  melanoid  variety,  finding  also  fun¬ 
goid  structures  in  the  granules,  which,  to  judge  from  his  description, 
were  evidently  the  same  as  those  described  by  Carter  and  by  Bristowe. 

In  1888  Bassini  f  described  a  case  of  the  black  variety  which  occurred 
in  Italy.  The  granules  were  found  to  be  made  up  of  a  mycelium  of  fila¬ 
ments  imbedded  in  a  dark  brown  matrix.  These  filaments  were  septate, 
4  to  6  millimetres  in  diameter,  and  showed  irregular  swellings.  They 
had  a  general  radiate  arrangement  in  the  granule.  Besides  the  granules 
Bassini  noted  the  presence  of  strings  or  cords  made  up  of  the  same 
fungus  filaments  imbedded  in  a  brown  matrix.  No  spore-bearing  organs 
were  found  and  no  cultivation  experiments  were  made.  The  mycelium 
was  regarded  as  representing  an  imperfect  vegetative  form  of  a  fungus 
which,  in  a  state  of  perfect  evolution,  would  be  furnished  with  a  true 
reproductive  apparatus.”  Leucocytes  and  young  blood-vessels  were  noted 
in  the  tissues  about  the  granules. 

Kanthack  I  studied  three  cases  of  the  melanoid  variety  in  microscopi¬ 
cal  sections.  In  all  of  these  cases  he  found  that  the  black  granules 
seemed  to  consist,  in  some  instances,  of  a  structureless,  olive  brown,  glassy 
or  finely  granular  material,  in  Avhich  were  imbedded  hollow  filaments  of 
varying  calibre,  having  a  well-marked  radial  arrangement.  Kanthack 
regarded  these  appearances  as  representing  degenerative  changes,  and 
sought  to  show  that  the  granules  were  made  up  of  an  organism  closely 
related  to  actinomyces,  as  he  had  found  in  the  case  of  the  pale  granules. 
It  is  manifest  from  his  description,  however,  that  he  saw  the  same  fungus 
mycelium  in  the  black  granules  which  had  been  noted  by  previous 
observers. 

Tlie  latest  and  most  satisfactory  paper  on  the  structure  and  nature  of 
the  black  granules  is  that  of  Boyce  and  Surveyor.  §  They  studied  seven 
cases  of  the  melanoid  form  and  found  in  all  of  them  that  “  tbe  black 
particles  represent  a  curious  metamorphosis  of  a  large,  brandling,  septate 
fungus.”  This  fungus  was  imbedded  in  or  surrounded  by  a  brown  pig¬ 
ment  substance  Avhich  Avas  readily  removed  by  Eau  do  JaA'dle.”  The 

*  Trans.  Path.  Sac..  London,  1872. 

t  Archiv.  per  le  scicnze  mcdiche,  1888,  xii  (1888),  309. 

X-Tnnrnal  of  Path,  and  Pact.,  i  (1893),  140. 

§  Trans,  of  the  Poyat  Society  of  London,  1894;  Proc.  Royal  Soc.,  London,  1893. 


424 


A  Case  of  Mycetoma  (Madura  Foot) 


hypha3  showed  great  variations  in  the  size  and  shape  of  their  segments. 
They  were  branched  and  often  disposed  in  a  radiate  manner  at  the 
periphery.  No  organs  of  fructification  were  observed.  The  fungus  was 
not  cultivated. 

Observations  on  the  ochroid  variety.  Carter’s  view  that  the  pale  parti¬ 
cles  represented  a  stage  in  the  evolution  of  the  same  fungus  as  that 
making  up  the  black  granules  has  already  been  mentioned. 

In  1870  Moxon  and  Hogg  *  examined  a  case  of  this  variety.  They 
found  that  the  granules  showed  in  some  instances  a  texture  of  fine 
fibrils,  but  they  were  unable  to  come  to  any  conclusion  as  to  their  nature. 

Kanthack  f  examined  histologically  twelve  specimens  of  the  ochroid 
variety  and  states  that  “  the  parasite  of  the  ochroid  variety  agrees 
morphologically  and  structurally  with  the  typical  and  perfect  ray  fungus, 
and  there  can  be  no  reasonable  doubt  that  both  belong  to  the  same 
botanical  group.” 

Vincent  J  found  that  the  granules  in  a  case  of  the  pale  form  of  the 
disease  were  made  up  of  a  streptothrix,  which  grew  upon  potato  with  a 
marked  red  color.  In  a  later  paper  published  with  Gemy,§  Vincent 
reports  isolating  in  cultures  the  same  streptothrix  from  a  second  case. 

Hewlett  II  examined  two  cases  of  the  ochroid  variety  and  states  that 
the  granules  V'ere  very  like  colonies  of  actinomyces  in  structure.  He 
considered  that  the  process  was  actinomycosis. 

Boyce  and  Surveyor  ^  studied  eighteen  cases,  and  conclude  tliat  “  the 
white  particles  consist  largely  of  caseous  material  and  of  the  remains  of 
a  lowly  organized  fungus,  presenting  in  very  many  instances  some  of  the 
characteristics  of  the  fungus  of  actinomycosis.”  This  organism  they 
regarded  as  entirely  distinct  from  that  found  in  the  seven  specimens  of 
the  nielanoid  variety  which  they  examined. 

Boyce**  also  reports  having  cultivated  a  streptothrix  from  a  case  of 
the  ochroid  variety.  This  streptothrix  differed  in  its  cultural  peculiari¬ 
ties  from  other  similar  organisms. 

Adami  and  Kirkpatrick  f  f  conclude,  from  an  examination  of  the  ease 
of  the  ochroid  variety  observed  in  Canada,  tliat  the  granules  “were 

*  TmiiH.  Path.  Soc.,  London,  187Q. 

t  Loc.  cit. 

%  Annolcs  dr  I'lnst.  Pasteur,  viii  (1894),  129. 

%  Anualcs  de  dcrmatoloyie  et  syphiloyraphie,  Paris,  2me  ser.,  t.  vii,  Nov.,  1896 

II  Trans.  Path.  Soc.,  London,  1893. 

^  Loc.  cit. 

**  Hyyienisclic  Pnndsehau,  iv  (1894),  529. 

ft  Loc.  cit. 
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identical  in  general  appearance  with  actinomyces,  forming  lobate,  reni- 
form  masses  with  central  dense  mycelium  and  a  radiate  arrangement  of 
filaments  or  clubs  around  the  periphery.  These  clubs,  however,  were 
larger  than  those  of  actinomyces.'’ 

Bishop,*  in  the  paper  published  with  Hyde  and  Senn,  gives  the  results 
of  his  microscopical  examination  of  a  case  occurring  in  Chicago.  The 
grannies  by  direct  examination  were  made  up  of  a  dense  granular  central 
portion  and  a  more  transparent  peripheral  portion  in  which  an  obscure 
radial  striation  could  be  observed.  No  clubs  were  observed  at  the  peri¬ 
phery.  In  sections  of  the  tissues  the  granules  consisted  of  more  or  less 
rounded  masses,  often  having  a  scalloped  border  and  occurring  singly 
and  in  groups.  The  central  portions  stained  faintly  with  hgematoxylin. 
Under  a  high  magnifying  power  delicate  filamentoxis  threads,  having 
more  or  less  of  a  radial  arrangement,  Avere  to  be  made  out  in  the  masses, 
and,  at  the  margin  of  some,  delicate  radiating  lines.  There  was  much 
to  suggest  actinomycosis.  The  tissue  changes  consisted  essentially  in 
the  formation  of  gramdation  tissue  in  which  giant  cells  were  present. 

From  a  consideration  of  the  results  of  this  list  of  observers  it  is 
quite  evident  that  the  disease  known  as  mycetoma  is  due  to  at  least 
two  different  organisms,  or  in  other  words,  that  the  black  granules  of 
the  melanoid  form  are  composed  of  an  organism  entirely  different 
from  the  organism  or  organisms  making  up  the  pale  or  ochroid 
granules. 

There  can  be  little  doubt  that  the  inelanoid  granules  are  composed 
essentially  of  a  fungus  or  a  hyphomyeete,  and  that  probably  one  and 
the  same  fungus  has  been  seen  by  all  observers. 

The  chief  thing  lacking  in  these  studies  of  the  melanoid  granules 
has  been  the  growing  of  this  fungus.  This  cultivation  has  been  ac¬ 
complished  in  the  case  reported  below. 

As  to  the  nature  of  the  granules  in  the  ochroid  form  it  is  difficult 
to  form  an  opinion  in  some  of  the  cases.  It  seems  clear  that,  in  most 
of  them  at  least,  the  grannies  are  composed  of  organisms  of  the 
streptothrix  group,  to  Avhich  actinomyces  is  now  generally  thought  to 
belong,  and  not  to  be  the  more  highly  organized  hyphomycetes.  That 
some  of  the  cases  of  the  ochroid  variety  are  nothing  more  or  less  than 
actinomycosis  seems  not  unlikely. 
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On  account  of  the  rarity  of  this  disease  in  America,  and  because  of 
the  interest  attaching  to  the  parasite,  the  following  case  is  reported: 

Clinical  History.  The  patient,  an  Italian  woman,  aged  twenty-six, 
was  admitted  to  the  service  of  Dr.  H.  H.  A.  Beach,  in  the  Massachusetts 
General  Hospital,  December  29,  1897.  She  was  first  seen  in  the  Out- 
Patient  Department  by  Dr.  C.  A.  Porter,  who  recognized  the  condition 
as  probably  madura  foot.  The  tissues  of  the  left  foot  in  the  region  of 
the  base  of  the  second  and  third  toes  on  the  plantar  aspect  presented  a 
swollen  appearance  with  desquamation  of  the  epithelium.  In  the  skin 
OA-er  this  swollen  area  there  Avas  a  small  sinus,  from  which  exuded  on 
pressure  a  dirty,  greyish  fluid,  containing  some  black,  hard,  irregular 
granules  like  grains  of  gAmpoAA'der.  On  the  dorsum  of  the  second  toe, 
near  its  tarso-metatarsal  joint,  there  was  a  small  ulcer. 

The  disease  was  first  noticed  in  July,  1897.  The  patient  had  lived  in 
America  several  years.  A  piece  of  tissue  Avas  excised  from  the  second 
toe  for  microscopical  examination,  and  from  the  results  of  this,  as  Avell 
as  from  the  appearance  and  character  of  the  black  granules  associated 
Avith  the  condition,  the  diagnosis  of  mycetoma,  or  madura  foot,  of  the 
melanoid  variety  Avas  made.  Amputation  of  the  four  toes,  together  with 
a  part  of  the  four  corresponding  metatarsal  bones,  Avas  performed  by  Dr. 
Beach. 

The  dissection  of  the  amputated  part  shoAA’ed  the  folloAving  condi¬ 
tions:  In  the  soft  tissues  of  the  plantar  side  of  the  foot  near  the  tarso¬ 
metatarsal  articulations  and  immediately  beneath  the  skin  Avas  a 
pigeon’s-egg  sized,  ovoid  tumor  nodule,  sharply  defined  from  the  sur¬ 
rounding  tissue  (Plate  XXXIX,  Fig.  1).  This  nodule  on  section  con¬ 
sisted  of  a  soft,  in  places  gelatinous,  myxomatous-like  tissue,  traversed 
by  an  indefinite  reticulum,  Avhich  divided  it  into  indefinite  small  areas; 
in  these  areas  Avei’e  imbedded  black,  irregular  granules  less  than  a 
millimetre  in  diameter,  resembling  grains  of  gunpoAvder.  'These  gran¬ 
ules  occurred  singly  and  in  groups.  In  one  or  tAvo  places  the  tissAie  of 
the  nodule  was  opaque  and  yelloAvish,  as  from  necrosis.  Tavo  other  sim¬ 
ilar  nodules  of  small  size,  containing  black  granules,  Avere  also  present. 
One  Avas  situated  in  the  soft  tissue  of  the  dorsum  of  the  foot  near  the 
base  of  the  second  and  third  toes;  the  other  in  the  soft  tissue  of  the  first 
phalanx  of  the  second  toe.  The  larger  of  these  nodules  Avas  about  the 
size  of  a  pea.  The  bones  Avere  not  involved. 
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The  structure  of  the  hlacic  granules.  Macroscopically  the  granules 
are  of  an  irregular  or  mulberry  shape,  of  a  black  or  dark  brown  color, 
and  usually  less  than  one  millimetre  in  diameter.  They  are  some¬ 
times  bound  together  by  shreds  of  tissue  or  of  exudate.  They  are 
hard,  rather  brittle,  and  are  not  readily  broken  up  under  a  cover-glass. 

Microscopically  they  present  the  appearance  of  irregular,  lobate 
masses  of  a  dark  brown  or  black  opaque  substance.  Upon  being 
broken  up  and  examined  with  high  magnifying  power,  little  more  than 
indefinite,  brown,  somewhat  refringent  masses  can  be  made  out. 
Occasionally  structures  suggestive  of  fungiTs  may  be  seen,  but  there 
is  little  else  to  indicate  a  vegetable  nature.  They  are  very  resistent 
to  most  reagents,  but  by  soaking  them  for  a  few  miniates,  with  or  with¬ 
out  heating,  in  the  ordinary  hospital  solution  of  sodium  hypochlorite, 
they  lose  their  brown  or  black  color  and  become  more  or  less  com¬ 
pletely  white  and  soft,  according  to  the  duration  of  the  action  of  the 
reagent.  A  strong  solution  of  potassium  hydroxide  also  softens  them 
to  a  certain  extent,  but  does  not  bleach  them  so  quickly. 

Granules  from  the  hardened  specimen,  bleached  and  softened  as 
above  outlined,  when  crushed  and  dissociated  under  a  cover-glass,  are 
found  to  consist  of  a  mass  of  fungus  structures  together  Avith  more  or 
less  broAvn  pigmented  imbedding,  or  investing  material,  as  described 
and  figured  by  Boyce  and  Surveyor,*  and  others. 

Under  a  high  magnifying  power  (Plate  XL,  Fig.  7)  the  greater 
part  of  the  mass  of  the  granules  is  seen  to  consist  of  ovoid  or  rounded, 
translucent  bodies  of  vaiying  sizes,  closely  packed  together,  having 
homogeneous  interiors  or  containing  a  few  refractive  granules.  Among 
these  bodies  typical  septate,  branching  hyph^e  may  be  seen,  sometimes 
shoAving  dilatation  or  varicosities  of  their  segments.  The  ovoid  or 
rounded  bodies  seem  to  be  dilated  or  degenerated  hyphal  segments, 
for  not  only  may  they  be  seen  in  continuity  Avith  the  hyphse,  but 
transitions  betAveen  them  and  the  hyphae  AAdth  SAVollen  segments  may 
be  made  out. 

The  periphery  of  the  granules  has  the  appearance  of  being  made 
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up  of  closely  set,  radiating  hyphce,  usually  showing  more  or  less  swell¬ 
ing  or  degenerative  changes  in  their  segments. 

No  undoubted  spore-bearing  organs  were  observed,  but  occasionally 
a  large  spherical,  thick  walled  body  containing  smaller  rounded  or 
ovoid  or  elongated  refringent  bodies  was  observed.  These  were  I’e- 
garded  as  representing  some  peculiar  mode  of  growth  or  an  “  involu¬ 
tion,”  rather  than  spores  and  spore-hearing  organs. 

In  specimens  treated  with  caustic  potash  solution,  when  the  removal 
of  the  interstitial  pigmentary  substance  is  not  complete,  branched 
hyphal  tubes  may  he  made  out  imbedded  in  a  brown  refringent  sub¬ 
stance. 

The  test  for  haemin  in  the  black  granules  was  negative. 

In  sections  of  the  tissues,  under  the  microscope,  the  granules  are 
seen  as  rounded,  lobate,  reniform  or  irregular  bodies  of  a  more  or  less 
reticular  structure  in  general  (Plate  XXXIX,  Pigs.  2  and  6,  Plate 
XL,  Pig.  8).  They  are  deeply  stained  by  the  basic  aniline  dyes,  but 
are  not  stained  by  haematoxylin. 

In  sections  stained  with  the  latter  they  appear  to  be  chiefly  com¬ 
posed  of  a  brown-colored,  somewhat  hyaline  substance,  arranged 
throughout  the  main  portion  of  the  granules  in  the  form  of  a  reti¬ 
culum  and  in  indefinite  or  rounded  clumps.  This  substance  at  the 
margin  may  merge  into  a  narrow  zone  ot  yellow,  very  hyaline  refrac¬ 
tive  material,  in  which  more  or  less  of  a  radial  striation  may  some¬ 
times  be  apparent. 

The  results  of  the  study  of  the  granules  in  sections  stained  in 
various  ways  may  be  summarized  as  follows : 

The  granules,  as  a  rule,  are  made  up  of  a  central  portion  and  a 
cortical  portion  or  rind,  without  any  definite  separation  between  them. 
In  the  central  portion  are  usually  branching  trabeculae  and  rounded 
masses,  composed  of  a  hyaline  substance,  in  the  midst  of  which  are 
numerous  structures  like  fungms  elements,  cut  in  various  planes.  In 
some  instances  the  central  portion  is  made  up  mainly  of  an  amorphous 
or  indefinite  material  with  only  a  few  fungus  hyphae.  In  general  the 
central  portion  is  less  dense  in  stnicture  than  the  cortical  portion  or 
rind.  The  latter  in  most  cases  consists  of  a  hyaline  material,  eon- 
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tinnous  with  the  hyaline  trabeculae  of  the  central  portion,  in  which 
fungus  elements  are  imbedded,  sometimes  arranged  more  or  less  in 
a  radiate  manner,  sometimes  not.  The  margin  is  irregularly  scalloped 
or  dentated.  In  some  cases  the  cortical  portion  seems  to  be  made  up 
of  more  or  less  atypical  hyphse  and  elongated  processes  of  hyaline 
substance  radially  disposed.  In  a  very  few  instances  the  granules 
appear  in  the  sections  as  irregularly  shaped  masses  of  homogeneous, 
hyaline  or  fine  granular  material,  in  which  unstained  or  empty  fungus 
tubules  or  hyphte  are  embedded  (Plate  XL,  Pig.  8). 

In  brief  it  may  be  said  that  the  granules  are  composed  of  a  myce¬ 
lium  of  hyphse  or  fungoid  elements,  more  or  less  degenerated,  em¬ 
bedded  in  or  surrounded  by  a  hyaline  brown-colored  refringent  siib- 
stance,  which  itself  forms  more  or  less  of  a  reticulum. 

The  Gram  stain  and  the  Weigert  fibrin  stain,  or  modifications  of 
them,  stain  the  substance  of  the  granules,  to  a  variable  extent  depend¬ 
ing  on  the  amount  of  the  decolorizing  agents  applied.  The  marginal 
portions  of  the  granules  hold  the  stain  longest.  In  only  a  very  few 
instances  could  the  hyphse  be  differentially  stained  by  these  methods. 

Cultures.  About  sixty-five  of  the  black  granules  were  planted  in 
various  culture-media  after  having  been  washed  in  sterilized  bouillon 
to  remove  contaminating  organisms  as  much  as  possible.  Nearly  all 
of  these  granules  were  taken  from  freshly  cut  portions  of  the  nodules 
of  the  foot  after  amputation.  From  approximately  twenty-five  of  the 
sixty-five  granules,  a  growth  of  a  hyphomycete  was  obtained.  The 
original  cultui*es,  with  one  or  two  exceptions,  showed  more  or  less 
contamination  with  the  staphylococcus  albus,  which  was  abundantly 
present  in  the  diseased  tissiie.  The  exceptions  were  in  the  cases  of 
one  or  two  grains  obtained  from  the  sinuses  before  the  ampiitation  and 
after  peroxide  of  hydrogen  had  been  used  at  intervals  in  the  sinuses. 
This  reagent  had  probably  destroyed  most  or  all  of  the  pus  cocci 
adherent  to  the  grains,  so  that  the  washing  in  sterile  boiiillon  sufficed 
to  render  it  free  from  living  contaminations. 

The  growth  in  all  cases  began  from  the  grain  and  appeared  after 
about  four  or  five  days  or  later.  On  solid  culture-media  it  first  ap¬ 
peared  as  a  tuft  of  delicate,  whitish  filaments  springing  from  the  black 
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grain.  These  in  the  course  of  a  few  days  increased  in  number  and 
length,  and  in  the  case  of  the  potato  formed  a  dense,  whitish  or  pale 
brown  felt-work  or  membrane,  having  a  tendency  to  spread  widely 
(Plate  XL,  Fig.  12). 

Granules  planted  in  potato  infusion,  in  which  the  contaminating 
cocci  grew’  only  feebly,  and  granules  obtained  free  from  contamination 
and  planted  in  bouillon,  showed  after  four  or  more  days  a  faint  greyish 
halo  about  their  peripheries.  In  the  course  of  some  days  this  in¬ 
creased  in  size  and  was  seen  to  consist  of  long,  delicate,  radiating  fila¬ 
ments  (Plate  XL,  Fig.  9),  which  grew  in  length  until  they  reached 
the  w’all  of  the  tube  and  produced  the  appearance  of  a  powder  puff-ball, 
with  the  granule  in  the  centre  (Plate  XL,  Fig.  11).  Granules  were 
readily  obtained  free  from  bacterial  contamination  and  planted  in 
bouillon  for  development,  by  selecting  those  grains  which,  after  re¬ 
maining  on  solid  culture-media  for  several  days,  w’ere  well  separated 
from  colonies  of  cocci.  Many  of  the  granules,  i.  e.  about  forty  out 
of  the  sixty-five,  failed  to  develop  any  fungus.  This  fact  bears  out 
the  idea  that  many  of  the  fungus  elements  in  the  granules  are  degen¬ 
erated,  as  has  been  mentioned. 

The  character  of  the  hyphomycete  may  be  summed  up  as  follows : 

Morphology  (Plate  XL,  Figs.  8  and  10).  Long  branching  hyphae 
from  3  to  8  //  in  diameter.  In  the  younger  ones  delicate  transverse 
septa  are  present.  In  the  older  forms  there  may  be  swellings  at  these 
points,  and  the  hyphae  may  appear  as  a  string  of  oval-ended,  plump 
segments.  The  filaments  have  a  definite  wall  and  in  their  interior, 
gramdes  or  pale  areas  may  be  seen.  The  branching  occurs  by  the 
formation  of  lateral  outgrowths  or  buds.  Xo  spore-bearing  organs 
were  observed. 

Potato.  It  forms  a  dense,  wddely  spreading,  coherent  membrane,  or 
layer,  of  velvety  surface,  pale  browm  in  color  throughout  its  central 
portions,  and  white  at  its  peripheral  ])ortious.  A  marked  feature  is 
the  appearance  of  small  spherical  globules  or  droplets  of  dark,  coffee- 
colored  fluid  on  the  surface  of  this  layer.  The  potato  takes  on  a  dark 
brown  color  and  becomes  very  moist  (Plate  XL,  Fig.  12). 

Bouillon.  The  growth  ahvays  proceeds  from  the  planted  material, 
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whether  grain  or  fragment  of  mycelium,  in  the  form  of  fine  radiating 
filaments,  and  soon  produces  a  puff-ball  appearance  (Plate  XL,  Figs. 
9, 11).  Eventually  the  whole  area  of  fluid  is  filled  up  with  the  radiat¬ 
ing  mycelium  and  a  definite  mycelial  layer  is  formed  at  the  surface. 
The  medium  acquires  a  deep  coffee-brown  color. 

Potato  Infusion.  This  was  prepared  by  boiling  about  20  grins, 
of  potato  in  water,  filtering  and  making  up  to  1000  cc.  without  neutral¬ 
izing,  as  used  by  Vincent.*  In  this  the  growth  proceeds  as  in  bouillon, 
except  that  no  surface  layer  is  formed.  A  peculiarity,  however,  noted 
in  old  cultures  consists  in  the  appearance  of  numerous  black  gran¬ 
ules,  about  1  mm.  or  less  in  diameter,  in  the  midst  of  the  mycelium. 

These  granules  consist  of  closely  packed  spherical  or  polyhedral 
cells,  together  with  some  short,  thick,  segmented  hyphfe.  The  walls 
of  these  cells  have  a  black  appearance  and  masses  of  them  are  black  and 
opaque  under  the  microscope.  They  seem  to  represent  masses  of 
interlacing  hyphse  whose  segments  have  been  much  shortened  and 
widened,  and  otherwise  changed. 

These  black  masses  were  kindly  examined  by  Prof.  W.  G.  Farlow 
of  Harvard  University,  who  considered  them  to  be  “  sclerotia.” 

Agar-Agar  (plain  and  glucose).  The  growth  appears  as  a  mesh- 
work  of  widely  spreading  filaments,  of  a  greyish  color,  on  the  surface 
of  the  medium.  In  old  cultures  black  “  sclerotia  ”  are  found  as  in 
the  potato  infusion.  In  stab  cultures  growth  appears  only  at  the 
surface. 

Xo  results  were  obtained  from  the  inoculation  of  animals  with  the 
original  granules  or  with  cultures. 

Pathological  Histology.  The  tissue  composing  the  nodules  consists 
essentially  of  a  formation  of  more  or  less  atypical  connective  tissue,  in 
various  stages  of  development,  in  which  foci  of  suppuration  are  pres¬ 
ent  in  association  with  the  granules. 

Some  of  the  granules  lie  in  small  cavities  containing  polynuclear 
leucocytes,  loose  epithelioid  cells  and  cellular  detritus.  These  cavi¬ 
ties  may  be  lined  either  by  a  wall  of  vascular  granulation  tissue  or  by 
masses  of  epithelioid  cells,  together  with  multinucleated  giant  cells 
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(Plate  XXXIX,  Figs.  2  and  4).  Other  grannies  are  closely  invested 
by  a  zone  of  epithelioid  and  giant  cells,  and  outside  of  this  there  may 
be  an  infiltration  with  lymphoid  and  plasma  cells.  The  nodule  thus 
formed  about  the  granule  resembles  very  closely  a  tubercle  in  struc¬ 
ture.  This  tubercle-like  formation  is  shown  in  Plate  XXXIX,  Figs. 
5  and  6.  The  giant  cells  are  often  of  large  size  and  may  have  a  peri¬ 
pheral  arrangement  of  their  nuclei.  They  are  a  very  prominent 
element  in  the  lesions. 

The  primaiy  effect  produced  by  the  parasites  upon  the  tissues 
seems  to  be  the  development  of  nodules  of  epithelioid  cells  and  of 
giant  cells  from  the  tissues  immediately  about  them.  Later,  suppu¬ 
rative  processes  occur  in  the  nodules  and  abscesses  are  formed,  which 
in  time  give  rise  to  the  development  of  granulation  and  connective 
tissue  in  large  amount. 

The  writer  is  under  obligations  to  Dr.  H.  H.  A.  Beach,  of  the  Staff 
of  the  Massachusetts  General  Hospital,  and  to  Prof.  W.  G.  Farlow,  of 
Haiward  University,  for  courtesies  shown  him  in  connection  with  the 
study  of  this  case. 

The  photographs  which  accompany  this  paper  were  made  by  !Mr. 
Louis  F.  Brown.  For  valuable  instruction  and  suggestions  in  their 
preparation  the  writer  is  greatly  indebted  to  !Mr.  John  G.  Hubbard, 
of  Brookline,  IMass. 

DESCKIPTIOjST  of  PLA.TES  XXXIX  AND  XL. 

All  of  the  figures  are  photomicrographs  from  original  specimens. 

Plate  XXXIX. 

Fig.  1.  Portion  of  amputated  part  showing  the  black  granules  and  gen 
eral  character  of  the  lesions  as  seen  with  naked  eye. 

Fig.  2.  Section  showing  black  granules  and  general  features  of  the  lesions 
as  they  appear  under  a  low  magnifying  power — Zeiss  Uj. 

Figs.  3,  4,  5  and  6.  Sections  showing  the  granules  and  surrounding  cells. 
All,  with  the  exception  of  Fig.  4,  taken  with  Zeiss  apochromat.  IG  mm. 
Fig.  4  taken  with  Zeiss  apochromat.  4  mm.  Figs.  5  and  G  represent  the 
tubercle-like  nodules,  with  the  parasite  in  the  centre,  as  described  in  the 
text. 

Plate  XL. 

Fig.  7.  Fungus  elements  from  a  granule  after  bleaching  and  softening 
with  sodium  hypochlorite  solution.  A  branching,  septate  hypha  is  shown. 
Zeiss  apochromat.  4  mm. 
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Fig.  8.  Section  showing  margin  of  two  contiguous  granules,  highly  mag¬ 
nified.  Zeiss  apochromat.  2  mm. 

The  small  clearer  areas  represent  fungoid  elements.  The  darker  sub¬ 
stance  represents  the  hyaline  imbedding  siibstance. 

Fig.  9.  Black  granule  with  mycelial  growth  proceeding  from  it.  Zeiss  a-. 
Culture  in  bouillon. 

Fig.  10.  Showing  structure  and  appearances  of  the  hj'phse  of  the  myce- 
liiim  obtained  from  the  granules.  Zeiss  apochromat.  4  mm. 

Fig.  11.  Two  boliillon  cultures  showing  the  powder  puff-ball  appearance. 
In  one  the  black  granule  is  seen  in  the  centre  of  the  growth. 

Fig.  12.  Potato  culture  of  the  hyphomjcete  obtained  from  the  granules. 
The  black  globules  are  composed  of  a  dark  brown  fluid. 
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PSEUDO-TUBEECULOSIS  HOMIXIS  STKEPTOTHKICHA. 


By  SIMON  FLEXNEE,  M.  D, 

(From  the  Pathological  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

Plate  XLI. 

The  researches  of  the  past  quarter  of  a  century  have  brought  to 
light  many  species  of  micro-organisms  whose  relations  to  certain  path¬ 
ological  processes  have  been  shown  to  be  of  the  nature  of  cause  and 
elfect.  Among  these  are  included  representatives  from  various  groups, 
bacteria,  protozoa,  yeasts  and  moulds.  The  greatest  success  thus  far 
achieved  has  been  in  the  study  of  the  bacteria;  indeed,  until  recently 
these  were  regarded  as  almost  the  only  vegetable  micro-organisms  cap¬ 
able  of  causing  infectious  pathological  processes.  Our  knowledge 
of  the  biology  of  the  pathogenic  vegetable  micro-organisms  has  more 
recently  been  extended  in  two  directions.  In  the  first,  certain  of  the 
blastomycetes  have  been  proven  to  be  pathogenic  for  man  and  animals; 
in  the  second,  the  morphology  of  the  bacteria  has  been  found  to 
depart  from  the  simple  formula  originally  assigned  to  them.  In  view 
of  these  facts  it  has  been  considered  necessary  to  designate  a  new  class 
for  the  reception  of  those  vegetable  micro-organisms  which,  while 
exhibiting  affinities  with  the  bacteria,  at  the  same  time  possess  certain 
features  in  common  with  the  hyphomycetes.  To  this  class  Kruse  has 
given  the  name  Streptothrices.  Its  limits  are  ill-defined,  chiefly  for 
the  reason  that  occasionally  one  of  the  common  bacterial  forms  (B. 
tuberculosis,  B.  diphtheriae,  B.  proteus)  will  show  certain  of  the  char¬ 
acteristics  of  the  group,  while  for  the  most  part  they  appear  as  simple 
rods. 

The  streptothrices  resemble  the  moulds  in  that  they  develop  from 
spores  into  cylindrical,  dichotomously-branching  threads,  which  alter¬ 
nately  gi’ow  into  colonies  the  appearances  of  which  suggest  a  mass  of 
radiating  filaments  (mycelia).  Certain  of  the  threads  become  friiit- 
hyphae,  and  these  break  up  into  chains  of  round  spore-like  bodies. 
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AVitli  the  bacteria  they  agree  in  so  far  as  they  lack  a  doubly-contoured 
membrane,  in  not  being  composed  of  hyphse  filled  with  fluid  and 
granular  contents  and  separated  from  each  other  by  partition  walls, 
and  from  the  fact  that  they  appear  as  homogeneous  threads,  resem¬ 
bling  the  filiform  bacteria,  which,  finally,  in  older  cultures,  separate 
into  short  bacillary  and  coccus-like  structures  (Kruse).* * * § 

The  researches  of  Bostrbm  f  prepared  the  way  for  the  later  studies 
upon  the  micro-organism  causing  actinomycosis  and  led  finally  to  its 
classification  with  the  streptothrices  under  the  name  of  streptothrix 
actinomyces  (Kossi-Doria),  Another  pathogenic  species  is  repre¬ 
sented  by  streptothrix  madurie  (Vincent).  These  two  are  the  best 
known  pathogenic  forms;  and  an  extensive  study  of  their  characteris¬ 
tics  shows  that  it  is  not  improbable  that  they  may  represent  genera 
rather  than  species,  so  that  ultimately  it  may  become  necessary  to 
distinguish  different  species  or,  perhaps,  only  varieties  of  each. 

The  remaining  streptothrices  described  in  connection  with  patholog¬ 
ical  processes  in  man  are  much  less  well  defined.  All  the  pathogenic 
possibilities  of  the  class  have  not  as  yet  been  discovered.  Rosenbach  :}: 
found  a  branching  micro-organism,  capable  of  growing  upon  artificial 
media  and  of  reproducing  upon  inoculation  a  similar  pathological 
condition,  in  an  affection  known  as  erysipeloid  (Erythema  exsudativum 
multiforme).  Eppinger  §  isolated  from  a  brain  abscess,  which  had 
ruptured  into  the  lateral  ventricle  and  set  up  meningitis  cerebro- 
spinalis,  a  branching  micro-organism  which  he  regarded  as  a  cladothrix 
(C.  asteroides),  but  which  by  Kruse  is  classed  with  the  streptothrices 
(S.  eppingerii).  Eppinger  injected  cultures  into  guinea-pigs  and 
rabbits  and  observed  that  it  caused  a  typical  pseudo-tuberculosis. 
Indeed,  the  cerebral  abscess  suggested  the  disintegration  of  a  large 
tubercuilous  focus.  The  case  reported  by  Garten  \\  is  not  so  clear. 

*  Kruse,  In  Fliigge’s  Die  Mikroorganismen,  1896,  ii,  48. 

I*  Bostrom,  Untersuchungen  iiber  die  Actinomykose  des  Menschen,  Zieg¬ 
ler's  BcitrUye,  ix,  1890. 

X  Kosenbach,  Ueber  das  Erysipeloid,  Archiv  f.  klin.  Ghiruryie,  xxxvi,  346. 

§  Eppinger,  Ueber  eine  neue,  patliogene  Cladothrix  und  eine  durch  sie 
hervorgerufene  Pseudotubei’culosis  (eladothricliica),  Ziegler’s  Bcitraye,  ix, 
287. 

j|  Garten,  Ueber  einen  beim  Menschen  cliron.  Entziindnng  erregenden, 
pleoinorphen  Mikroben.  Zdtschr.  f.  Cliiruryie,  xli,  257. 
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This  author  obtained  in  pure  culture  a  branching  micro-organism  from 
abscesses  and  a  fistulous  tract,  extending  from  the  upper  dorsal  verte¬ 
brae  to  the  sacrum,  the  ribs  and  vertebrae  showing  erosions.  While 
he  regards  the  organism  as  a  new  species,  its  distinction  from  strepto- 
thrix  actinomyces  is  by  no  means  clearly  established. 

Additional  instances  of  streptothrix  infection  are  reported  by 
Sabrazes  and  Riviere,* * * §  and  by  Ferre  and  Faguet.f  The  first  case  of 
Sabrazes  and  Riviere  occurred  in  a  man  in  whom  abscesses  were  found 
in  the  brain,  lungs  and  kidney  (softened  infai'ction).  The  pus  from 
the  brain  abscess  showed  single  and  radiating,  branching  threads;  in 
the  kidney  the  filaments  were  nuich  shorter,  wliile  in  the  lungs  neither 
foiTu  was  discovered.  In  cultures  cocci  were  found  associated  with 
the  streptothrix,  the  latter  growing  anaerobically  only.  In  a  second 
case  these  observers  isolated  from  sputa  and  from  a  subcutaneous  ab¬ 
scess  in  a  man  an  aerobic  streptothrix,  pathogenic  for  small  animals. 
Ferre  and  Faguet  obtained  in  pure  culture  from  an  abscess  of  the  brain 
in  an  epileptic,  a  streptothrix  which  proved,  however,  to  be  non-patho- 
genic  for  guinea-pigs  and  rabbits. 

It  is  now  well  known  that  under  certain  unusual  conditions  the 
bacillus  tubei’culosis  is  capable  of  appearing  in  an  irregular  branched 
form.:|:  Further  observations  are,  however,  necessary  before  accepting 
as  final  the  results  obtained  by  Friedrich  §  and  Babes  and  Levaditi,l| 
who  inoculated  ciiltures  of  the  bacillus  tuberculosis  into  the  carotid 
artery  and  beneath  the  dura  mater,  respectively,  in  rabbits,  and  found 
that  the  bacilli  had  not  only  branched  but  had  also  developed  into 
I’osettes  resembling  the  “  Drusen  ”  of  actinoinyces. 

Another  streptothrix  pathogenic  for  man  is  one  iipon  Avhich  a  pre- 

*  Sabrazes  et  Riviere,  Sur  un  streptothrix  rencontre  dans  iin  cas  d’abces 
du  cerveau  et  d’infarctus  suppure  du  rein.  La  prcssc  inedicalc,  1894,  Sept.  22. 

t  Ferre  et  Faguet,  Streptothrix  et  ahces  du  cerveau,  Mcrcrcdi  iimlical,  1895, 
441. 

t  For  the  literature  on  this  subject  see  Craig.  The  branched  form  of  the 
Racillus  tuberculosis  in  sputum.  Journal  of  Experimental  Medicine,  iii  (1898), 
363. 

§  Friedrich,  Ueber  strahlenpilziihnliche  Wuchsformen  des  Tuberkelbacillus 
im  Thierkbrper,  Deutsche  vied.  Wchnsehr.,  xxiii,  1897,  653. 

II  Babes  et  Levaditi,  Sur  la  forme  actinomycosique  du  bacille  de  la  tuher- 
culose.  Arch,  de  mcd.  cxpcr.,  1897,  1041. 
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liminary  note  appeared  in  the  Johns  Hopkins  Hospital  Bulletin  *  for 
June,  1897,  and  of  which  the  present  paper  will  contain  a  more  com¬ 
plete  account. 

A  consideration  of  the  morphology  of  the  peculiar  micro-organism, 
which  was  associated  with  consolidation,  necrosis  and  early  cavity  for¬ 
mation  in  the  lungs  of  a  human  being,  and  the  nature  of  the  pathologi¬ 
cal  process,  which  in  so  many  ways  suggested  the  caseous  pneumonia 
of  true  tuberculosis,  led  to  the  adoption  of  the  name  Streptothrix 
pseudo-tuberculosa  for  the  organism,  and  pseudo-tuberculosis  hominis 
streptothricha  as  a  designation  for  the  pathological  condition. 

The  clinical  history  of  the  case  offered  nothing  of  especial  importance. 
The  patient  was  a  male,  colored,  aged  70  years,  in  whom  extensive  con¬ 
solidation  was  made  out  in  both  lungs.  The  symptoms  were  broadly 
those  characteristic  of  pulmonary  tuberculosis.  Sputum  was  carefully 
watched  for  during  his  stay  in  the  hospital,  in  Dr.  Osier’s  service,  but 
none  was  obtained.  No  microscopical  examination  could  therefore  be 
made. 

The  autopsy  was  made  19  hours  after  death,  the  body  in  the  mean¬ 
time  having  been  kept  on  ice.  No  evidences  of  post-mortem  decomposi¬ 
tion  were  noticeable.  The  description  of  the  viscera  is  limited  here  to 
the  organs  which  exhibited  pathological  alterations. 

The  lungs  are  voluminous  and  meet  in  the  middle  line  anteriorly. 
They  are  not  bound  to  the  chest  wall.  Left.  All  of  the  upper  lobe, 
except  the  anterior  edge,  is  consolidated  more  or  less  perfectly.  Wliere 
the  consolidation  is  complete,  as  in  the  apical  portion,  the  lung  presents 
an  opaque  appearance,  and  is  grey  in  color;  beginning  softening  (disin¬ 
tegration  with  early  cavity  formation)  is  going  on.  These  cavities  often 
still  contain  the  products  of  disintegration,  and  all  ajipeai’aiices  of 
reactive  encapsulation  are  wanting.  The  lower  zone  of  this  lobe  is 
more  flaccid  and  contains  scattered  areas  of  consolidation  between  which 
the  lung  tissue  is  cedematous  and  swollen,  although  not  completely 
airless.  The  lower  lobe  is  congested  and  cedematous;  it  contains  a 
number  of  scattered  and  partly  calcified  nodules  which  on  an  average 
are  the  size  of  a  split  pea.  The  pleura  over  the  hepatized  area  is  covered 
with  a  fibrinous  exudate.  Right.  The  middle  lobe  is  almost  completely 
consolidated.  The  other  lobes  contain  several  small  calcified  nodules 

*  Flexner,  I’seudotuberculosis  Hominis  Streptothricha,  a  preliminary  note. 
Johns  Hopkins  Hospital  Bulletin,  vii,  1897,  128. 
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and  a  number  of  recent,  tolerably  circumscribed,  caseous  areas,  averaging 
in  size  that  of  a  walnut  and  surrounded  by  oedematous,  imperfectly  con^ 
solidated  and  dark  lung  substance.  The  lower  lobe  contains  an  almost 
globular,  infiltrated  area,  4.5  cm.  in  diameter,  caseous  in  appearance, 
the  centre  of  which  is  undergoing  disintegration.  The  pleura  over  the 
fresh  foci  of  consolidation  is  covered  with  fibrin  and  studded  with  small 
haemorrhages. 

Peritoneal  Cavity.  The  intestines  are  moderately  distended.  The 
omentum  is  rolled  up  and  thickened;  it  occupies  a  position  beneath  the 
transverse  colon  and  extends  across  the  abdominal  cavity.  The  pelvis 
contains  about  15  cc.  of  fluid  of  a  brownish  color  and  mucilaginous  con¬ 
sistence.  Between  the  intestinal  loops  delicate  threads  of  fibrin  exist. 
In  addition  smaller  and  larger  nodules,  resembling  tubercles,  usually 
translucent,  are  scattered  irregularly  over  all  the  exposed  peritoneal 
surfaces,  and  occur  more  uniformly  upon  and  within  the  thickened, 
rolled-up  omentum.  The  liver  and  spleen  on  section  show  similar 
nodules.  The  mesenteric  glands  are  not  perceptibly  enlarged,  but  upon 
section  minute,  opaque  tubercles  are  visible  in  them. 

Histological  Examination.  The  microscopical  study  of  the  tissues 
of  the  case  embraced  all  the  organs.  Reference  will  be  made  here 
only  to  the  lungs,  the  peritoneum  and  the  omentum,  in  which  organs 
the  chief  lesions  existed. 

The  pathological  process  in  the  Iqngs  consists  chiefly  of  an  exuda¬ 
tion,  which  is  not,  however,  of  uniform  character.  For  the  most  part 
the  exudate  is  cellular,  but  in  certain  situations  it  is  composed  largely 
■  of  flbrin. 

A  stained  section  of  the  lung  macroscopically  presents  a  variegated 
appearance  due  to  this  heterogeneous  exudate.  Where  this  is  cellu¬ 
lar,  a  deep  nuclear  staining  is  evident;  elsewhere  the  tissue  appears 
pale.  The  cellular  exudate  is  intra-  and  inter-alveolar;  it  is  rare, 
indeed,  that  the  alveolar  walls  are  free  from  infiltration.  The  cells 
composing  it  are  chiefly  polymorphonuclear  leucocytes,  but  what  is 
most  striking  is  the  extent  of  fragmentation  which  these  cells  have 
suffered.  A  small  amount  of  fibrin  exists  among  the  cells.  Many 
alveoli  contain  fibrin  almost  to  the  exclusion  of  leucocytes;  this  fibrin 
is  dense  and  compact  and  encloses  cells  of  the  epithelioid  type.  In 
certain  situations,  especially  near  the  somewhat  thickened  pleura,  the 
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fibrin  in  the  alveoli  is  undergoing  rapid  organization.  The  pleura  is 
covered  by  a  fibrinous  membrane  3  or  4  times  the  normal  thickness, 
capped  by  a  thin  line  of  dense  fibrin  in  process  of  organization. 

There  is  a  marked  tendency  for  the  tissue  showing  the  cellular  infil¬ 
tration  to  break  down,  with  formation  of  cavities  showing  softened 
contents.  It  is  found  that  this  softening  has  taken  place  only  where 
the  infiltration  of  the  alveolar  walls  has  reached  a  high  degree. 
But  the  gross  examination  of  the  lungs  gave  no  adequate  idea  of  the 
extent  of  this  process  of  disintegration,  many  of  the  foci  being  micro¬ 
scopical  in  size.  The  disintegrating  tissue  differs  from  the  general 
cellular  infiltration  only  in  containing  more  nuclear  fragments  and 
iiTegularly  staining  detritus.  In  specimens  stained  with  hsematoxylin 
and  eosin  this  irregular  material  takes  on  a  peculiar,  imperfect  haiina- 
toxylin  tint,  resembling  that  shown  by  certain  kinds  of  caseation  in 
tuberculous  forms  of  pneumonia.  In  the  regions  in  which  the 
exudate  is  purely  or  largely  fibrinous  no  such  tendency  to  softening 
and  disintegration  is  manifest.  There  is  no  attempt  at  limitation  or 
encapsulation  of  the  areas  of  cavity  formation  by  a  growth  of  demar¬ 
cating  connective  tissue. 

Circumscribed  nodules  having  the  size,  form  and  appearance  of 
miliary  tubercles  occur  in  small  numbers.  They  are  composed  chiefly 
of  epithelioid  cells,  some  of  which  are  disintegrating.  Giant  cells 
are  not  seen. 

The  bands  of  interlobular  tissue  are  thickened  by  a  new  growth  of 
tissue,  and  islands  of  fibroid  tissue  appear  here  and  there  in  the  lung 
substance.  The  blood-vessels  are  extensively  obliterated.  This  ob¬ 
literation  is  caused  either  by  an  endarteritis  or  by  thrombosis;  some¬ 
times  both  processes  are  met  with  in  the  same  A'essel. 

Of  the  structures  contained  within  the  abdominal  cavity,  the  inttis- 
tine  and  omentum  more  especially  were  subjected  to  histological  study. 
Of  these  the  latter  gave  the  more  interesting  results.  The  thickening 
of  the  omentum  is  caused  chiefly  by  a  growth  of  tubercle-like  nodules, 
which  cover  its  surface  and  also  occupy  its  interior.  The  nodules  are, 
on  an  average,  larger  than  miliary  tubercles,  and  still  larger  masses 
are  formed  by  the  coalescence  of  several  such  foci. 
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In  general  two  kinds  of  nodules  are  distinguisliable.  The  larger, 
probably  the  more  numerous,  exceed  in  size  a  militaiy  tubercle ;  they 
are  composed  of  a  central  mass  of  disintegrated  or  disintegrating  cells 
and  nTiclei.  Very  irregular  nuclear  forms  are  met  with,  some  of 
these  doubtless  being  emigrated  polymorphonuclear  leucocytes. 
N’uclear  figures  occur  now  and  then  among  the  degenerating  cells, 
but  these  are  taken  to  be  examples  of  karyorrhexis  and  not  as  repre¬ 
senting  true  cell  division.  Definite  fragments  of  nuclei  are  common. 
The  centre  of  such  a  nodule  is  occupied  often  by  a  transverse  section 
of  a  small  vessel  in  which  white  blood-cells  can  be  seen  now  and  then ; 
the  lumen  is  lined  by  endothelial  cells,  usually  in  increased  numbers. 
Beginning  at  the  thin  outer  wall  and  often  taking  in  everything  except 
the  endothelial  cells,  a  homogeneous  material  may  be  noticed,  which 
extends  for  a  variable  distance  into  the  tubercles  proper,  obliterating 
cell-boundaries  as  it  spreads.  "With  Weigert’s  fibrin  stain  this  sub¬ 
stance  takes  on  a  distinctly  blue  color.  The  more  peripheral  parts  of 
the  nodules  contain  more  unaltered  cells,  these  presenting  the  usual 
appearance  of  epithelioid  cells,  although  more  elongated  types  (fibro¬ 
blasts)  and  irregular  leucocytes  are  also  met  with.  The  most  external 
cells  are  lymphoid,  and  these,  together  with  more  or  less  polymorpho¬ 
nuclear  leucocytes,  go  over  into  the  suiTOunding  adipose  tissue  and 
coalesce  with  other  nodules.  Giant  cells  appear  rarely  in  the  less 
degenerated  parts. 

In  the  sections  stained  with  haematoxylin  and  eosin  a  delicate 
fibrillated  network  can  be  made  out  among  the  cells  and  fragments, 
which,  in  specimens  stained  especially  for  it,  is  found  to  consist  of 
fibrin. 

The  smaller  nodules  differ  from  these  in  that  they  are  made  up  of 
cells  which  are  well  preserved  and  possess  large  nuclei  of  the  epithe¬ 
lioid  tyjie.  The  cell  protoplasm  is  relatively  abundant,  and  a  sugges¬ 
tion  of  fibrillation  is  visible  in  the  substance  between  the  cells.  This 
kind  of  nodiile  is  found  in  the  peritoneal  covering  of  the  intestines, 
where  they  form  an  almost  unifoi*m  layer.  Almost  no  degenerated 
cells  are  met  with  in  these  formations. 

Giant  cells  are  present  within  the  nodules,  biit  they  are  not  abund- 
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ant  there,  and  they  occnr  without  these  in  the  more  diffusely  infil¬ 
trated  tissues.  Their  forms  correspond  with  those  found  in  ordinary 
tuhercle,  sho’SAung  as  a  rule  the  peripheral  disposition  of  nuclei  and  the 
central  hyaline  protoplasm.  But  multinueleated  giant  cells  either 
with  peripheral  or  centrally  massed  nuclei  occur  with  especial  fre¬ 
quency  within  the  lumina  of  small  blood  and  perhaps  Ivmph-vessels. 
It  sometimes  happens  that  such  a  cell  occupies  the  central  vessel  in 
one  of  the  first  nodules  described;  but  it  is  more  common  for  them 
to  appear  in  somewhat  larger  vessels  outside  or  just  at  the  periphery 
of  the  nodules.  They  are  derived  from  the  endothelial  lining  of  the 
vessels  which  is  met  with  in  the  several  stages  of  proliferative  activity 
leading  to  their  formation. 

The  bacteriological  examination.  The  examination  for  bacteria 
consisted  in  the  study  of  cover-slips  from  the  fresh  lungs,  the  inocula¬ 
tion  of  glycerine-agar  tubes,  and  the  subcutaneous  injeetioi:  into  a 
guinea-pig  of  a  suspension  from  the  consolidated  lungs.  After  har¬ 
dening  the  tissues,  sections  from  the  lungs,  from  the  peritoneal  cover¬ 
ing  of  the  intestines  and  from  the  omentum  were  stained  for  bacteria. 
Cover-slips  from  the  lungs  stained  by  Gahhett’s  method  showed  no 
micro-organisms  which  resembled  the  bacillus  tuberculosis  in  their 
morphology,  but  there  remained  faintly  stained  in  carhol-fiichsin  upon 
the  cover-slips  numerous  examples  of  a  branching  organism  occurring 
often  in  clumps  or  convoluted  masses,  among  which  no  ordinary  bacil¬ 
lary  forms  were  discovered.  Through  the  use  of  AV  eigert’s  method 
of  staining  bacteria  the  micro-organism  was  rendered  suitable  for  more 
exact  study. 

The  cultures  from  the  left  pleural  cavity  and  the  peritoneum  re¬ 
mained  sterile.  Three  separate  sets  were  made  from  the  lungs.  In 
all  these,  at  the  end  of  24  hours,  a  vigorous  growth  of  a  bacillus  iden¬ 
tified  as  belonging  to  the  group  of  B.  coli  communis  had  taken  place. 
The  streptothrix  did  not  grow. 

The  guinea-pig  showed  no  reaction  to  speak  of  at  the  site  of  inoc¬ 
ulation,  the  adjacent  lymph  glands  could  not  at  any  time  he  felt;  the 
animal,  however,  lost  in  weight  and  died  at  the  end  of  the  0th  week, 
at  the  autopsy  showing  great  emaciation.  None  of  the  lymphatic 
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glands  were  found  enlarged;  there  were  no  lesions  resembling  tuber¬ 
cles  in  these  and  other  organs,  and  cultures  upon  glycerine-agar,  made 
from  several  sources,  remained  sterile.  Cover-slips  from  the  serous 
cavities,  blood  and  viscera  were  negative  for  any  kind  of  bacteria. 

The  further  study  of  the  organism  stained  \ipon  cover-slips  pre¬ 
pared  from  the  lungs  at  the  time  of  the  autopsy,  by  Weigert’s  method, 
in  which  carbol-fuchsin  is  suhstitiited  for  gentian-violet,  shows  it  to 
possess  the  following  characteristics :  The  micro-organism  appears  only 
in  streptothrix  forms,  rarely  as  single  branching  filaments,  hut  usually 
as  masses,  more  or  less  convoluted,  in  which  the  several  individuals 
seem  at  times  to  participate.  This  tendency  to  form  convoluted 
masses  renders  the  length  of  the  filaments  variable;  some,  however, 
stretch  across  the  field  of  the  microscope  (1/12  objective).  The  thick¬ 
ness  varies  also,  but  to  a  less  degree  and  in  general  is  aboiit  the  same 
as  that  of  B.  proteus.  The  branches  are  often  short  and  rarely  capped 
at  the  extremity  with  a  conical  swelling  (conidia?).  That  these  bodies 
are  not  actual  conidia  is,  I  think,  further  proved  by  their  occiirrence 
in  the  course  of  the  filaments.  They  doubtless  belong  to  the  chro¬ 
matic  particles  to  be  described  later.  There  is  protoplasmic  continuity 
between  the  parent  filament  and  the  branch.  The  contours  are 
slightly  irregular,  the  staining  sometimes  not  quite  uniform,  and  very 
rarely  just  before  its  termination  a  filament  will  show  3  or  3  cross 
partitions  suggesting  the  breaking  up  into  as  many  short  rods.  Coccus¬ 
like  forms  were  not  encountered. 

An  irregularity  in  staining  is  one  of  the  common  features  of  the 
organism,  an  appearance,  moreover,  that  depends  in  part  upon  the 
extent  of  the  decolorizing  process.  The  more  deeply-stained  filaments 
are  a  little  thicker  than  those  which  stain  faintly,  and  the  chromatic 
granules  or  particles  which  lie  close  together  in  the  former  may  be 
separated  in  the  latter  by  widths  of  unstained  protoplasm  of  greater 
diameter  than  the  stained  particles.  In  the  most  pi*onounced  cases  the 
chromatic  bodies  appear  to  lie  mthin  a  non-staining  homogeneous 
membrane  (Plate  XLI,  Fig.  1).  The  possibility  that  this  difference 
may  depend  upon  other  causes,  e.  g.  degeneration,  cannot  be  excluded, 
but  the  impression  obtained  is  that  it  is  more  or  less  artificial,  and  has 
something  to  do  with  the  degree  of  staining,  etc. 
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Sections  from  several  different  parts  of  tlie  lungs  were  stained  first 
in  lisematoxylin  and  then  in  carhol-fuchsin,  which  was  followed  by 
pure  aniline  oil,  for  the  purpose  of  differentiation  and  dehydration. 
Idle  nuclei  appear  blue;  the  micro-organisms  red.  The  latter  are 
very  abundant.  Their  relation  to  the  pathological  process  is  very 
intimate  and  somewhat  as  follows:  The  only  parts  of  the  lung  tissue 
from  which  the  micro-organisms  appear  to  be  absent  are  the  areas 
occupied  by  the  fibrinous  exudate.  The  cellular  exudate  everywhere 
shows  them,  hut  the  streptothrix  is  most  abundant,  appearing  in  the 
largest  masses  in  the  areas  of  rapid  disintegi'ation  (Plate  XLI,  Figs. 

2  and  3).  The  masses  of  the  organism  are  somewhat  larger  than  are 
met  with  in  the  cover-slips  and  the  branching  is  more  perfect,  perhaps 
because  the  normal  relations  are  less  disturbed  in  the  sections.  Rarely, 
a  small  fragment  of  a  filament  or  a  separate  thread  will  be  present 
in  a  mass  of  pus  cells  and  fragments  of  cells.  The  streptothrix  ap¬ 
pears,  but  in  relatively  small  clumps,  within  the  tubercle-like  nodules; 
more  often  indeed  a  single  branching  filament  is  met  with  in  these 
formations. 

The  staining  of  the  threads  is  somewhat  more  irregular  than  in  the 
cover-slip  preparations;  they  present  a  granular,  almost  beaded  ap- 
luarance,  and  are  thinner  than  under  the  former  conditions  (Plate 
XLI,  Fig.  3). 

The  omentum  especially,  of  the  abdominal  organs,  was  studied  for 
micro-organisms.  A  large  number  of  sections  were  treated  first  with 
carbol-fuchsin  in  the  thermostat  and  then  carefully  decolorized  with 
1  per  cent  hydrochloric-acid  alcohol.  Bacteria  were  never  found  in 
these  specimens.  Other  sections  were  then  stained  by  the  method 
used  for  demonstrating  the  streptothrix  in  the  lungs.  Almost  every 
specimen  prepared  in  this  way  showed  bacteria,  and  often  in  very 
considerable  numbers.  They  were  contained  within  the  tubercle-like 
nodules. 

ddie  forms  of  micro-organisms  met  with  in  this  situation  are  simpler 
than  those  in  the  lungs.  So  far  as  could  be  discovered  from  many 
sections,  the  individual  organisms  never  branch.  They  appear  as  rods 
of  unequal  lengths  and  of  a  curved  or  angular  form.  The  staining 
is  irregular,  a  beaded  appearance  being  very  common.  The  “  bead- 
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ing”  is  quite  irregular;  more  so,  I  am  disposed  to  think,  than  is  the 
case  with  B.  tuberculosis.  In  examples  showing  the  most  pronounced 
irregularity,  the  organism  appears  as  a  nearly  colorless  filament  with 
uneven  deeply-staining  red  dots  placed  at  difTerent  intervals  from  one 
another.  In  length  as  well  as  in  width  thcj;  rods  rather  exceed  the 
average  dimensions  of  the  tubercle  bacillusj  It  must,  however,  be 
admitted  that  not  a  few  individiials  could  hot  be  distinguished  by 
their  size  alone  from  this  micro-organism. 

From  the  foregoing  description  there  can  be,  I  think,  no  reasonable 
doubt  that  the  micro-organism  encountered  in  the  lungs  differs  widely 
from  the  known  forms  of  B.  tuberculosis.  This  fact  is  also  supported 
by  the  negative  animal  experiment  described.  On  the  other  hand, 
it  is  equally  clear  that  the  pathological  process  set  up  by  it  in  the 
lungs  bears  no  little  resemblance  to  one  set  of  changes  at  least  met 
with  in  the  same  organs  in  riiberculous  pneumonias.  We  notice  in 
both  cases  the  same  tendency  to  infiltration  of  the  framework  of  the 
lungs,  degeneration  of  the  infiammatory  exudate,  and  to  necrosis  and 
solution  of  the  tissues  and  exudate.  In  the  particular  case  under 
consideration  one  point  of  difference  is  to  be  seen  in  the  dearth  of 
proliferated  and  desquamated  alveolar  epithelial  cells  within  the 
ex^idate.  But  this  difference  is  insufficient  to  characterize  the  two 
processes  as  essentially  distinct.  On  the  other  hand,  the  impression 
is  obtained  that  the  solution  of  the  exudate  and  framework  of  the 
lungs  is  going  on  more  rapidly,  from  a  greater  number  of  centres,  than 
is  the  case  in  ordinary  cases  of  caseous  pneumonia. 

The  analogy  of  the  two  processes  is  strengthened  by  the  finding  of 
tubercle-like  nodules  in  the  lungs  amid  the  diffuse  exudate.  These 
were,  it  is  true,  few  in  number;  but  in  structure  they  could  not  be 
distinguished  from  veritable  tubercles,  and  they  were  proven  to  have 
been  caused  by  the  streptothrix  under  consideration,  by  the  demon¬ 
stration  of  the  organism  Avitliin  them.  It  will  be  recalled  that  sec¬ 
tions  of  the  lungs  stained  for  Tubercle  bacilli  by  the  ordinary  method 
failed  to  reveal  the  presence  of  this  micro-organism. 

When  we  come  to  consider  the  significance  of  the  tubercles  in  the 
peritoneal  cavity,  it  must  be  admitted  that  the  case  in  favor  of  their 
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streptotlirix  origin  is  less  clear  and  convincing,  Bnt  I  am  inclined  ta 
the  belief  that  they  owe  their  presence  to  the  same  parasite,  which, 
however,  owing  to  differences  in  the  location  and  function  of  the  parts, 
appeal's  under  somewhat  different  morphological  forms.  In  view  of 
the  great  numbers  of  micro-organisms  contained  within  these  nodules, 
it  seems  justifiable  to  conclude  that  they  would  have  been  demon¬ 
strated  by  the  usual  stains  for  tubercle-bacilli,  had  they  been  of  this 
nature.  But  I  am  unwilling  to  draw  very  wide-reaching  deductions 
from  this  fact  alone.  The  differences  in  morphology  of  the  organism, 
when  compared  with  the  tubercle  bacillus,  may  again  be  remembered, 
without,  hoAvever,  laying  too  much  stress  on  small  distinctions.  Per¬ 
haps  the  most  convincing  argument  is  to  be  found  in  the  existence  of 
similar  nodules  in  the  lungs,  Avhose  etiology  seems  established.  In 
these  formations  the  organism  appears  under  a  simpler  morphology 
than  when  growing  freely  Avithin  the  lung  substance. 

It  Avould  not  be  profitable,  nor  Avould  it  conduce  much  to  a  clearer 
understanding  of  the  variation  in  morphology,  to  dAvell  upon  the  in- 
fiuence  of  environment  upon  the  groAvth  and  morphological  character 
of  the  bacteria;  but  it  should  be  borne  in  mind  that  our  knoAvledge  of 
such  A'ai'iation  is  constantly  increasing  and  even  noAV  includes  some  of 
the  commoner  and  more  ordinary  bacterial  forms. 

If  in  the  comparison  of  the  lesions  in  the  lungs  Avith  those  of  caseous 
pneumonia,  sufficient  proof  has  been  brought  of  their  great  similarity 
to 'these,  more  conclusive  evidence  is  at  hand  of  the  essential  identity 
of  the  nodules  in  the  peritoneal  cavity  with  the  tubercles  caused  by 
the  bacillus  Biberculosis.  It  is  believed  that  upon  histological  grounds 
alone  no  distinction  could  be  made. 

From  these  considerations  there  can  be  little  doubt  that  the  strepto- 
thrix  described  is  the  cause  of  the  pathological  process  met  Avith  in 
the  lungs  and  peritoneal  cavity,  and  that  in  the  latter  the  pathological 
picture  of  the  disease  resembles  so  nearly  tuberculosis  in  human  beings 
that  the  tAVO  diseases  can  be  separated  only  by  the  demonstration  of 
the  causative  micro-organism  in  each  case.  It  is,  of  course,  not  Avith- 
out  the  pale  of  probabilities  that  at  some  future  time  a  clinical  picture 
differing  from  that  of  true  tuberculosis  may  come  to  be  established  for 
this  disease. 
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If  this  conception  of  the  pathological  changes  produced  by  the 
strep tothrix  under  consideration  be  true,  the  process  must  be  admitted 
to  he  a  form  of  pseudo-tuberculosis  in  man  for  which  the  name  at 
the  head  of  this  paper  is  proposed. 

The  question  now  arises  whether  a  similar  pathogenic  streptothrix, 
producing  analogous  lesions,  has  thus  far  been  described.  There 
seems  little  doubt  from  the  descriptions  given  of  the  pathogenic  species 
of  this  organism  in  the  introductory  pages  of  this  paper,  that  the 
forms  there  mentioned  differ  from  the  one  under  consideration.  At 
least  no  good  grounds  are  at  hand  for  concluding  that  in  any  case 
they  are  identical  or  even  closely  related.  Not  so,  however,  with  the 
streptothrix  described  by  Buchholz,*  whose  publication  appeared 
simultaneously  with  the  preliminary  communication  concerning  the 
streptothrix  pseudo-tuberculosa.  It  may  perhaps  be  profitable  to  con¬ 
sider  Buchholz’s  findings  more  in  detail. 

The  patient  was  a  steel  worker,  38  years  old,  who  became  suddenly  ill 
5  weeks  before  admission  to  the  Institute  for  Infectious  Diseases  in  Berlin. 
He  entered  on  November  19,  at  which  time  there  was  absolute  dulness 
over  the  entire  right  side  of  the  thorax,  with  rales  and  bronchial  breath¬ 
ing.  The  sputum  showed  niimerous  streptococci  but  no  tubercle  bacilli. 
The  fluid  obtained  by  pi;ncture  from  the  pleural  cavity  contained  strep¬ 
tococci.  On  November  22,  '300  cc.  of  pus  evacuated  from  the  pleural 
cavity  again  showed  streptococci.  Death  occurred  on  December  12th. 
The  autopsy  showed  the  right  lung  to  be  united  throughout  with  the 
costal  pleura;  the  left  lung  was  bound  to  the  diaphragm.  The  portion 
of  lung  corresponding  with  the  adhesion  to  the  diaphragm  showed  a 
consolidated  focus  the  size  of  a  hen’s  egg,  which  on  section  appeared  to 
be  necrotic.  In  the  pleura  covering  the  right  lung  were  two  formations 
which  led  directly  into  two  large  cavities,  themselves  communicating, 
filled  with  purulent  contents  and  exhibiting  ragged  and  uneven  walls. 
The  pus  had  a  fetid  odor;  the  remainder  of  the  right  hing,  excepting  the 
apex,  was  firmly  consolidated.  The  rest  of  the  organs  showed  no  abnor¬ 
mality.  The  anatomical  picture  suggested  an  advanced  tuberculosis,  ex¬ 
cept  that  the  edges  of  the  cavities  were  more  ragged.  Tubercle  bacilli 
could  not  be  demonstrated;  streptocci  were,  however,  contained  in  the  pus. 

*  Buchholz,  Ueber  menschenpathogene  Streptothrix.  Ein  Beitrag  zur 
Aetiologie  des  acuten  Lungenzerfalls.  Zeitschr.  f.  Hygiene  u.  Infectimskrank., 
xxiv,  1897,  470. 


448  Pseudo-Tuberculosis  Homvnis  Streptothriclia 

The  microscopical  examination  of  sections  was  negative  for  tubercle  ba¬ 
cilli;  the  histological  picture,  too,  was  regarded  as  showing  differences 
from  that  of  ti;berculosis.  The  infiltrated  parts  of  the  liTiig  presented 
more  the  appearance  of  an  acute  pneumonic  exudate;  but  in  places  tlie 
interstitial  infiltration  was  so  marked  as  to  obsciire  the  structure  and  the 
cells  Avere  undergoing  necrosis  (fragmentation,  etc.).  Stained  by  Gram’s 
method  the  firm,  infiltrated  and  necrotic  areas  shoAved  a  rich  netAvork 
of  delicately  branching  threads  of  about  the  thickness  of  tubercle  bacilli, 
AA’hich  never  appeared  in  the  form  of  long  bacilli,  but  suggested  “  lines 
sketched  by  the  trembling  hand  or  the  gnarled  branches  of  the  oak.” 
Coccus-like  and  short  bacillaiy  forms  Avere  not  found.  The  streptococci 
Avere  contained  in  the  portions  of  the  lung  AAdiich  were  consolidated,  the 
alveolar  Avails  being  thickened  and  the  alveoli  in  part  atalectic.  They 
Avcre  also  present  in  tiie  secretion  of  inflamed  bronchi  and  in  the  inter¬ 
stitial  lymph-spaces,  from  Avhich  situations  the  streptothrix  Avas  absent. 
The  streptococci  are  regarded  as  having  been  secondary  inA^aders.  Cul¬ 
tures  AA'ere  not  obtained  from  the  lungs,  the  plates  being  overgroAvn  Avith 
a  variety  of  proteus.  Animal  experiments  seem  not  to  have  been  carried 
out.  It  is  interesting  to  note  that  the  same  difficulty  in  staining  the 
micro-organism  Avas  experienced  as  recorded  in  my  case,  and  the  most 
satisfactory  preparations  Avere  obtained  by  the  use  of  Gram’s  method,  in 
AAdiich  aniline-oil  replaces  the  alcohol. 

The  resemblance  of  this  ease  to  the  one  described  by  me  is  A’ery 
striking,  but  there  are  also  points  of  marked  difference.  As  regards 
the  latter,  the  absence  of  all  nodular  formations  suggesting  tubercles 
and  the  extensive  cavity  formation  in  the  right  lung  stand  out  in  great 
contrast.  On  the  other  hand,  it  is  conceivable  that  the  cavities  in 
Buchholz’s  case  merely  represent  a  later  and  more  advanced  stage  of 
the  condition  present  in  mine.  The  description  of  the  micro-organism 
is  strikingly  like  that  given  for  the  streptothrix  pseudo-tuberculosa, 
and  in  further  support  of  their  probable  identity,  I  may  mention  that 
Dr.  RabinoAvitsch,  who  kindly  carried  slides  of  my  case  to  Berlin  with 
her,  reports  that  Dr.  Buchholz,  after  examining  the  preparations  and 
comparing  them  Avith  his  OAvn,  regards  them  as  probably  identical. 

At  the  last  meeting  of  the  Congress  for  Internal  Medicine,  held  in 
'Wiesbaden,  Scheele  and  Petruscliky*  exhibited  cultures  and  micro- 

*  Scheele  and  Petrnschky,  Ciiltureu  u.  Priiparate  einer  menschen-patho- 
genen  Streptothrix-Art.  Verhand.  des  XV.  Cong.  f.  innere  Medicin,  1S97,  550. 
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scopical  preparations  of  a  pathogenic  streptothrix  obtained  fi’Oin  a 
woman,  aged  56  years,  whose  history,  in  brief,  is  as  follows: 

The  patient  gave  a  family  history  of  tuberculosis,  but  had  herself 
always  been  well.  In  November  of  the  previous  year  she  nursed  a  sister 
who  died  of  tuberculosis.  In  Febniary  she  suffered  with  what  was  sup¬ 
posed  to  be  influenza;  in  March  a  cystitis  developed,  and  about  the  middle 
of  April  several  small  tumors  appeared  in  the  skin  about  the  joints  (hip, 
sterno-clavieular),  and  later  in  the  thigh,  gluteal  region,  etc.  The  tumors 
suppurated.  In  the  beginning  of  May  the  left  upper  lobe  of  the  lung 
showed  a  fairly  intense  infiltration.  The  sputum  was  examined,  but 
no  tiibercle  bacilli  could  be  found;  on  the  other  hand,  masses  of  a 
“  fungus  ”  suggestive  of  penicillium  were  made  out  and  a  similar  organ¬ 
ism  was  demonstrated  in  the  pus  from  the  tumors.  The  patient  died  on 
June  6th.  The  protocol  is  not  given  in  this  preliminary  report.  The 
micro-organism  is,  however,  described  as  having  been  obtained  in  pure 
culture  from  the  pus  from  the  tumors;  in  the  lung  it  was  admixed  with 
the  bacillus  influenzae.  In  both  situations  it  was  abundant.  The  para¬ 
site  is  said  to  consist  of  fine,  branching  threads  without  showing  any 
evidences  of  fructification.  The  complete  description  is  reserved  for  a 
later  publication. 

In  this  instance  it  would  be  merely  a  matter  of  conjecture  to  con¬ 
sider  that  the  lesions  in  the  lungs  and  the  streptothrix  are  similar 
or  identical  with  those  described  by  me;  indeed,  the  clinical  course  of 
the  ease  is  not  especially  suggestive  of  similarity.  The  important 
consideration  for  the  present  is  not  to  attempt  a  classification  of  the 
several  pathogenic  streptothrix  forms  now  known,  but  to  recognize 
their  importance  in  human  pathology,  and  more  especially  that  the 
lesions,  which  they  produce  in  the  lungs,  may  be  suggestive  of  certain 
forms  of  pulmonary  tuberculosis  both  in  their  clinical  course  and  their 
anatomical  appearance.  Moreover,  as  the  parasite  is  doubtless  thrown 
off  with  the  expectoration,  it  should  be  sought  in  doubtful  cases  in  the 
sputa ;  and  for  this  purpose  the  usual  methods  of  staining  for  tubercle 
bacilli  are  not  suitable.  I  should  recommend  the  use  of  the  modifica¬ 
tion  of  the  Gram-AVeigert  stain  with  which  the  parasite  was  demon¬ 
strated  in  smear-preparations  and  in  sections. 

I  wish  to  thank  Dr.  "W.  ^I.  Gray  for  nie  photomicrographs  which 
accompany  this  paper. 
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DESCRIPTIO^f  OF  PLATE  XLI. 

Fig.  1.  Photomicrograph  of  smear-preparation  from  lung. 

Fig.  2.  Photomicrograph  from  section  of  the  lung.  Both  show  the  strep- 
tothrix:  Fig.  1,  free;  Fig.  2,  in  intimate  assoeiation  with  the  exudation. 
Photographs  by  Dr.  Gray,  of  Washington. 

Fig.  3.  Section  of  lung  stained  in  hoematoxylin  and  carbol-fuehsin.  Zeiss 
1/12  in  homog.  immersion  objective.  The  characteristic  beading  of  the 
streptothrix  is  well  shown. 
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A  COMPAEATIVE  STUDY  OF  BOVIJ^E  TUBEKCLE  BA¬ 
CILLI  AND  OF  HUMAN  BACILLI  FKOM  SPUTUM. 


By  THEOBALD  SMITH,  M.  D. 

(From  the  Laboratories  of  Comparative  Pathology,  Harvard  Medical  School,  and 
the  Massachusetts  State  Board  of  Health.) 

The  absolute  identity  of  tubercle  bacilli  infecting  mammalia  has 
been  so  generally  assumed  and  tlie  assumption  used  as  a  basis  for  the  en¬ 
actment  of  sanitary  measures  having  for  their  object  the  prevention  of 
any  transmission  of  tubercle  bacilli  from  animals  to  man,  that  any  one 
who  Avould  attempt  to  question  this  identity  must  be  prepared  to  meet 
considerable  scepticism.  Taking  a  broad  biological  position,  we  have 
every  reason  to  examine  into  the  assumed  identity  of  the  bovine  and 
the  human  bacillus,  because  both  the  human  and  the  bovine  species 
arc  victims  of  a  tuberculosis,  presumably  transmitted  in  most  cases 
from  one  individual  to  another  of  the  same  species,  and  because  the 
adaptation  of  a  highly  parasitic  organism  to  one  of  these  species  for 
centuries  may  possibly  deprive  it  of  mucli  of  its  poAver  to  multiply  in 
the  other.  Or  the  reverse  may  be  true.  The  adaptation  of  the 
bovine  bacilhis  to  a  larger,  more  A’igorous  organization  may  thereby 
render  it  more  dangerous  to  man.  Assumptions  of  this  sort  stimulate 
inquiry  but  do  not  furnish  us  Avith  positiA'O  information.  This  can 
be  gained  only  by  most  tedious  investigation. 

In  180G  I  presented  to  the  Association  of  American  Physicians'"'  a 
comparative  study  of  a  bovine  bacillus  and  a  presumably  human  bacil¬ 
lus  Avhich  had  passed  from  a  tuberculous  subject  to  an  animal  pet 
(Nasua  narica,  ‘  Coati  ’ ).  The  ditferences  Avhich  appeared  during  this 
Avork  Avero  so  clear,  both  as  I’cgaids  morphological  and  biological  char¬ 
acters,  that  a  further  study  Avas  indicated.  Imbued  Avith  the  idea  that 
in  the  minor,  though  constant,  differences  of  closely  related  or  appar¬ 
ently  identical  pathogenic  bacteria  many  unexplained  phenomena  may 

*  Trans.  Assoc.  Amer.  Physicians,  xi  (1896),  75. 
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liave  their  source,  and  that  a  comparative  study  of  tubercle  bacilli 
under  as  nearly  the  same  conditions  as  can  be  maintained  may  lead  to 
results  of  value  to  human  pathology,  I  took  up  the  subject  anew.  A 
consultation  of  the  literature  treating  of  the  character  of  tubercle 
bacilli  had  impressed  me  with  the  carelessness  shown  by  most  writers 
subsequent  to  Koch,  concerning  the  source  of  the  cultures  used  by 
them.  Paper’s  written  on  methods  of  cultivating  the  presumably 
human  bacillus  were  really  devoted  to  the  avian  bacillus.  Pischel,* 
though  drawing  far-reaching  conclusions  on  the  relation  of  human  to 
avian  bacilli,  makes  no  statement  concerning  his  cultures  save  that 
they  were  “  mammalian.” 

There  being,  therefore,  no  information  to  be  gathered  from  former 
publications,  the  task  that  presented  itself  was  to  study  a  number  of 
human  and  bovine  tubercle  bacilli,  and,  if  possible,  tubercle  bacilli 
from  other  mammalia,  side  by  side,  in  order  to  determine  whether  con¬ 
stant  differences,  of  whatever  nature,  could  be  demonstrated.  Such 
differential  characters  might  then  be  applied  in  studying  different 
forms  of  human  tuberculosis,  especially  those  cases  which  are  su[)- 
posed  to  have  been  derived  from  animals,  more  particularly  from 
coAv’s  milk. 

The  delay  inseparable  from  the  study  of  this  disease  has  not  per¬ 
mitted  me  to  examine  more  than  a  limited  number  of  cultures.  In¬ 
cluding  the  tAvo  described  in  189G,  7  sputum  and  6  bovine  cultures 
have  been  isolated  and  studied;  also  one  animal  culture  presumably 
deriA’cd  from  sputum,  one  culture  each  from  the  horse,  the  cat  and 
the  pig. 

In  Table  I  are  given  brief  accounts  of  the  subjects  from  Avhich 
they  Avere  obtained.  For  the  notes  on  the  cases  of  phthisis  I  am 
indebted  to  a  number  of  physicians  who  have  very  generously  gii’en 
their  time  in  tracing  the  subsequent  history. 

*  Fortsrhr.  d.  Med.,  x  (1892),  908.  See  also  my  former  article  for  further 
referenees. 
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TABLE  I. 


Designation 
of  culture.  1 

Beginning  of 
artittcial 
cultivation. 

Source  of  ^ 
culture. 

Sputum  I  1 

July  20,  1896 

Peabody,  i 

i 

1 

Mass. 

i 

j 

Sputum  II 

Nov.  21, 1896 

New  Bed¬ 

ford,  Mass. 

Sputum  III 

1  Feb.  1.5,  1897 

Norwood, 

Mass. 


IIiSTOKV  OF  Case. 


Sputum  (liscliarired,  June  24,  1S‘.>6,  bj-  a 
young  Irish  woman.  Ape.K  and  upper 
lobe  of  left  lung  involved.  Slight  fever. 
Sputum  contains  a  considerable  number 
of  bacilli.  Recovered  and  worked  during 
summer.  Good  health  in  the  fall  of 
1890,  with  gain  in  weight.  Feb.,  1898, 
in  good  health,  works  dally.  No  cough, 
expectoration  or  other  symptoms  of  ill¬ 
ness.  Over  the  formerly  involved  region 
“the  respiratory  murmur  much  dimin¬ 
ished  down  to  3rd  rib.  Increased  vocal 
resonance,  increased  fremitus  and  dull¬ 
ness  on  percussion.”  Patient  has  moved 
from  place  to  place. 

Sputum  containing  many  tubercle  bacilli, 
diseliarged  Oct.,  1896,  by  a  young  man 
conhned  in  prison  about  one  year.  Ear¬ 
liest  appearance  of  symptoms  not  accu¬ 
rately  known.  Slight  cough  noticed  in 
Aug.,  1896,  but  no  detinite  physical  signs 
at  that  time.  Grew  steadily  worse,  so 
that  in  November  he  was  in  bed,  weak 
and  emaciated  and  also  sutlering  with 
diarrlnea.  lie  died  in  March,  1897. 

Sputum  discharged,  Jan.  12, 1897,  by  a  man 
aged  4.5  years.  Duration  of  disease  about 
si.x  months.  Laryngeal  tuberculosis 
chielly.  Ditiiculty  in  swallowing  and 
huskiness  of  voice,  which  lias  been 
gradually  increasing.  Died  Feb.,  1897. 
Tlie  jibysieiau  in  eliarge  had  drawn  off 
about  a  litre  of  serum  from  thora.v  4  or 
more  years  ago.  Well  thereafter  until 
fall  of  1896.  -\])ex  of  lungs  slightly  in¬ 

volved  towards  end  of  disease.  Patient 
has  traveled  much  in  this  eountrv. 


Sputum  IV 


Feb. 


16,  1897 


Melrose,  Sinitum  containing  but  relatively  few  ba- 
Slass.  cilli,  discharged  Jan.  7,  1897,  by  a  female 
servant,  22  years  old.  Physician  in 
eliarge  saw  her  first  Dee.,  1896.  She 
complained  of  hoarseness  and  cough 
which  began  about  6  mouths  ago.  Signs 
of  amemia  and  cessation  of  menstrual 
flow.  Placed  in  hospital,  where  she  re¬ 
mained  8  weeks.  At  end  of  April  health 
quite  re-established.  A  subsequent  re¬ 
port  mentions  her  visit  to  Canada  after 
her  recovery  and  her  return  to  Massa- 
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Designation 
of  culture. 


Sputum  V 


Sputum  VI 


Sputum  VII 


Xaxita  nark'u 
(Coati) 
humiiu  spu¬ 
tum  (?) 


Bovine  I 


Bovine  II 


Bovine  III 


TABLE  I. — Continued. 


Beginning  of  „  ' 

^  -1  Source  of  i 

artificial  1  History  of  Case. 

,•  ciilturc#  * 

cultivation.  -  i 


Julj’  7,  18i)7  New  Hamp¬ 
shire. 


July  14,  1897  Wintlirop, 

Mass. 


Jan.  18,  1898  Haverhill, 

Mass.' 


July  26,  1894  Washington, 
D.  C. 


Dec.  1,  1894 


Virginia. 


Nov.  28, 189()  Lawrence, 

Mass. 


April  lit,  18971  Carlisle  (?), 

I  Mass. 


chusetts.  She  is  now  (Jan.,  1898)  at 
service  in  another  town.  She  has  a 
troublesome  cough  and  is  under  the  care 
of  a  physician. 

Sputum  discharged,  June,  1897,  by  a  man 
2.5  years  old.  Had  been  troubled  with  a 
cough  for  about  2  years,  and  apices  re¬ 
ported  involved.  Patient  feels  well  in 
the  country,  but  cannot  carry  on  his 
trade  (printer)  in  the  city.  In  Jan., 
1898,  he  was  reported  to  be  much  im¬ 
proved  in  every  way. 


Sputum  discharged,  June  16,  18it7,  by  a 
woman  20  years  old.  Tubercle  bacilli 
numerous.  History  not  obtainable. 
Patient  died  about  6  mouths  later. 

Sputum  containing  many  bacilli,  dis- 
cliarged  by  an  Italian  iaborer,  Dec.  15, 
1897.  Age  of  patient  27  years.  Re¬ 
turned  to  Italy  in  Jan.,  1898. 

Autopsy,  .May  12,  1894,  revealed  primary 
intestinal  infection,  as  mesenteric  giands 
were  fartliest  advanced  in  the  disease. 
Omentum  studded  with  tubercles.  Ex¬ 
tensive  emboiic  tuberculosis  of  lungs. 
Houseliold  pet  of  tuberculous  man.  At 
Washington  Zooiogical  Park,  where 
aniniai  was  kept  after  death  of  owner, 
otlier  animals  of  same  species  remained 
well. 

Bull  with  advanced  generalized  disease. 
Great  enlargement  of  lyinjih  glands  of 
head  and  thorax.  Tuberculosis  of  tlie 
bones.  Periodic  tympanites  due  to  en- 
iarged  mediastinal  glands.  Killed. 

Cow  having  multiple  necrotic  foci  in  large 
caudal  mediastinal  gland.  Foci  dry 
cheesy ;  process  evidently  old.  In  one 
lobe  of  lung  a  focus  inches  in  diam¬ 
eter  witli  centre  softened.  In  udder 
small  nodules  containing  actinomvces. 
Killed. 

Cow  killed,  March  19,  1897,  at  Brighton 
(Boston)  abattoir.  Quite  extensive  dis¬ 
ease  of  lungs  and  liver. 
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TABLE  I. — Contiiuied. 


Designation 
of  culture.  ^ 

Beginning  ofj 
artificial  I 
cultivation,  j 

Source  of 
culture. 

Bovine  IV 

Apr.  33, 1897j 

Billerica, 

Mass. 

i 

Bovine  V 

Apr.  23,  1897i 

Carlisle, 

Mass. 

j 

Bovine  VI 

Dec.  34,  1897 

^  Newton, 

Mass. 

Swine  I 

1 

May  8,  1896 

i 

i  Southboro, 
j  Mass. 

Cat  I 

Mar.  9,  1897 

1 

Histouy  of  Case. 


Cow  killed,  March  19,  1897,  at  Brighton 
abattoir.  Disease  restricted  to  one  of 
dorsal  mediastinal  glands.  The  gland 
is  moderately  enlarged  and  contains  a 
number  of  well-detined  tubercles,  3  to  4 
mm.  in  diameter,  dry  cheesy  throughout, 
and  easily  peeled  out  of  gland  tissue. 
No  surrounding  intiltration.  Evidently 
a  mild  stationary  case. 

Cow  killed,  March  19,  1897,  at  Brighton 
abattoir.  Disease  has  produced  a  focus 
in  the  lungs,  and  involves  all  dorsal 
mediastinal  glands,  which  are  consider¬ 
ably  enlarged.  One  of  the  portal  glands 
is  enlarged,  and  permeated  with  a  net¬ 
work  of  necrotic  lines. 

Caseous  matter  from  a  focus  in  the  lungs 
of  a  cow  3  to  3  years  old.  The  focus 
several  inches  in  diameter,  probably  not 
more  than  3  to  3)-^  months  old,  since 
the  cow  gave  no  tuberculin  reaction  4 
months  ago.  Dorsal  mediastinal  gland 
involved. 

Lungs  and  one  gland  (presumably  from 
mesentery)  received  at  laboratory,  March 
18,  189(5.  The  herd  lived  under  a  cow 
stable,  and  the  infection  was  probably 
bovine  in  origin.  Lungs  studded  with 
linn,  centrally  cheesy  or  calcitied  nodules 
from  1  to  4  mm.  in  diameter.  The  lymph 
gland  contained  many  foci  with  cheesy 
centres. 

Case  reported  by  L.  Frothingham,  V.  M.  D., 
in  the  Journal  of  the  Boston  Society  of 
Medical  Sciences,  March,  1897.  Tuber- 
j  culosis  of  a  mesenteric  gland  with  miliary 
I  tuberculosis  of  lungs,  liver  and  spleen. 

!  Tubercle  bacilli  in  capillaries  of  lungs 
'  and  liver.  Guinea-pig  inoculated  by  Dr. 

I  Frothingham,  and  kindly  transferred  to 
1  me. 


Horse  I 


Feb.  20,  1897 


1  Lungs  of  a  horse  from  Brighton  Rendering 
I  Establishment.  Guinea-pig  inoculated 
I  from  tubercles  by  Dr.  L.  Frothingham. 
History  of  animal  not  known. 
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It  will  be  noticed  that  these  cultures  come  from  a  variety  of  cases, 
both  mild  and  severe.  Of  the  patients  yielding  the  sputum  bacilli, 
three  are  dead,  two  still  sick,  one  has  apparently  recovered,  and  one, 
a  recent  case,  is  now  not  accessible.  Of  the  bovine  cases  two  were 
slight,  two  advanced  and  tAvo  of  moderate  intensity.  Of  the  other 
mammals  nothing  very  definite  is  known. 

The  bacilli  Avere  isolated  in  all  cases  by  inoculating  guinea-pigs  Avith 
tuberculous  tissue  or  sputum  containing  bacilli.  With  sputum  the 
injection  of  a  suspension  in  bouillon  into  the  abdominal  cavity  is  the 
most  satisfactory.  Subcutaneous  inoculation  may  induce  a  A-ery 
chronic  disease  AA’ith  older  (500-gramme)  guinea-pigs,  Avhich  is  not  so 
likely  to  lead  to  successful  cultures  because  of  the  scarcity  of  bacilli  in 
the  tuberculosis  foci.  In  nearly  all  cases  the  guinea-pigs  Avere  chloro¬ 
formed  after  three  or  four  Aveeks,  to  preA’ent  secondaiy  infections 
occurring  in  the  final  stages  of  the  disease. 

Inasmuch  as  a  more  general  study  of  tubercle  bacilli  is  desirable,  I 
shall  go  someAAdiat  into  detail  concerning  the  methods  I  have  employed 
in  making  cultures.  HaAung  had  practically  nothing  but  failures 
until  I  adopted  the  procedure  to  be  described,  I  can  recommend  it 
AAuthout  reserA^e.  There  is  nothing  neAv  about  it,  excepting  in  the 
combination  of  details.  Of  18  attempts  to  isolate  the  bacillus,  17 
Avere  successful.  The  one  failure  was  probably  due  to  the  sIoav  pro¬ 
gress  of  the  inoculation  disease  in  the  guinea-pig. 

Throughout  the  Avork  dog’s  serum  Avas  used.  The  dog  Avas  bled  under 
chloroform  and  the  blood  draAvn  from  a  femoral  artery,  under  aseptic 
conditions,  through  sterile  tubes  directly  into  sterile  flasks.  The  serum 
Avas  draAvn  from  the  clot  Avith  sterile  pipettes  and  either  distributed  at 
once  into  tubes  or  else  stored  Avith  0.25  to  0.3  per  cent  chloroform  added. 
Discontinuous  sterilization  Avas  rendered  unnecessary.  The  temperatiu-e 
required  to  produce  a  sufficiently  firm  and  yet  not  too  hard  and  dry 
serum  is  for  the  dog  75°  to  76°  C.  For  horse  serum  it  is  from  4°  to  5° 
loAver.  The  serum  Avas  set  in  a  thermostat  into  AAdiich  a  large  dish  of 
Avater  Avas  ahvays  placed  to  forestall  any  abstraction  of  moisture  from 
the  serum.  About  three  hours  sviffice  for  the  coagulation.  When  serum 
containing  chloroform  is  to  be  coagulated,  I  am  in  the  habit  of  placing 
the  tubes  for  an  hour  or  longer  in  a  Avater-bath  at  55°-60°  C.,  or  under 
the  receiver  of  an  air-pump,  to  drive  off  the  antiseptic.  This  procedure 
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dispenses  with  all  sterilization  excepting  that  going  on  during  the 
coagulation  of  the  serum.  It  prevents  the  gradual  formation  of  mem¬ 
branes  of  salts,  which,  remaining  on  the  surface  during  coagulation,  form 
a  film  unsuited  for  bacteria.  Tubes  of  coagulated  serum  should  be  kept 
in  a  cold  closed  space  where  the  opportunities  for  evaporation  are  slight. 
They  should  always  be  kept  inclined. 

The  ordinary  cotton-plugged  test  tubes  I  do  not  use,  because  of  the 
rapid  drying  out  permitted  by  them,  as  well  as  the  opportunities  for 
infection  with  fungi.  Instead,  a  tube  is  used  which  has  a  ground  glass 
cap  fitted  over  it.  This  cap  contracts  into  a  narrow  tube  plugged  with  j 
glass  w'ool.  This  plug  is  not  disturbed.  The  tube  is  cleaned,  filled  and 
inoculated  by  removing  the  cap.  With  sufficient  opportunity  for  the 
interchange  of  air  very  little  evaporation  takes  place,  and  contamination 
of  the  culture  is  a  very  rare  occurrence.  In  inoculating  these  tubes,  bits 
of  tissue,  which  include  tuberculous  foci,  especially  the  most  recent,  are 
torn  from  the  organs  and  transferred  to  the  serum.  Very  little  cimshing, 
if  any,  is  desirable  or  necessary.  I  think  many  failures  are  due  to  the 
often  fiitile  attempts  to  break  up  firm  tubercles.  Nor  should  the  bits 
of  tissue  be  rubbed  into  the  surface,  as  is  sometimes  recommended.  After 
a  stay  of  several  weeks  in  the  thermostat  I  iTSually  remove  the  tubes  and 
stir  about  the  bits  of  tissue.  This  frequently  is  the  occasion  for  a 
prompt  appearance  of  growth  within  a  week,  as  it  seems  to  put  certain 
still  microscopic  colonies  in  or  around  the  tissue  into  better  condition 
for  further  development.  The  thermostat  should  be  fairly  constant,  as 
urged  by  Koch  in  his  classic  monogi’aph,  but  I  look  upon  moisture  as  of 
more  importance.  If  possible,  a  thermostat  should  be  used  which  is 
opened  only  occasionally.  Into  this  a  large  dish  of  water  is  placed,  which 
keeps  the  space  saturated.  Ventilation  should  be  restricted  to  a  mini¬ 
mum.  As  a  consequence,  moulds  grow  luxuriantly  and  even  the  gummed 
labels  must  be  replaced  by  pieces  of  stiff  manila  paper  fastened  to  the 
tube  with  a  rubber  band.  By  keeping  the  tubes  inclined,  no  undue 
amount  of  condensation  water  can  collect  in  the  bottom,  and  the  upper 
portion  of  the  serum  remains  moist.  The  only  precaution  to  be  applied 
to  prevent  infection  with  moulds  is  to  thorouglxly  flame  the  Joint  between 
tube  and  cap  as  well  as  the  plugged  end,  before  opening  the  tube.  When 
test  lubes  are  employed  it  is  well  to  dip  the  lower  end  of  the  plug  into 
sterile  molten  paraffine  and  to  cover  the  tube  with  a  sterilized  paper  cap. 
The  white  bottle  caps  of  the  druggists  are  verj-  serviceable. 

In  pursuing  this  method  of  obtaining  cultures,  the  question  arises: 
May  not  attenuated  or  more  saprophytic  forms  exist  in  the  sputum 
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besides  those  more  pathogenic,  and  may  not  the  former  get  into  our 
cultures  rather  than  the  latter?  This  question  cannot  he  answered  with 
entire  satisfaction.  If  we  assume,  for  the  sake  of  illustration,  that  the 
original  disease  was  due  to  perhaps  one  inhaled  bacillus,  the  progeny 
of  this  bacillus  may  be  reinforced  by  others  inhaled  which  have  more 
saprophytic  and  less  pathogenic  tendencies,  and  which  multiply  in  the 
cavities  and  in  the  sputum  to  the  partial  suppression  of  the  original  form. 
If  we  make  cultures  directly  from  sputum  this  hypothetical  danger  could 
not  be  evaded.  The  inoculation  of  the  guinea-pig  and  the  three  or  more 
weeks  elapsing  before  cultures  are  made  is  to  a  certain  degree  a  safe¬ 
guard,  as  it  gives  the  more  pathogenic  form  an  opportunity  to  assert 
itself  by  prompt  multiplication.  I  am  not  inclined  to  look  upon  this 
danger  of  substitution  as  a  real  one.  At  the  same  time,  it  may  be  best 
always  to  choose  those  successful  cultures  from  the  guinea-pig  which 
have  come  from  metastatic  rather  than  local  (peritoneal)  tubercles.  In 
my  work  I  obtained  in  most  cases  cultures  simultaneously  from  3  or  4 
organs,  and  any  differences  in  these  original  cultures  were  not  manifest. 
Only  one  was  used  in  the  comparative  studies.  Of  7  sputum  cultures,  3 
were  derived  from  the  omentum  and  4  from  the  spleen.  Of  one  the 
source  is  not  noted.  For  the  bovine  cultures  no  such  doubts  can  be 
raised,  because  the  foci  are  closed  and  not  accessible  to  more  saprophytic 
types. 

In  the  study  of  the  various  cultures  the  conditions  were  maintained 
as  nearly  uniform  as  possible  by  using  tubes  of  serum  prepared  at  the 
same  time,  and  keeping  the  inoculated  cultures  in  the  thermostat  in  the 
same  trays.  For  the  microscopic  examination  a  little  of  the  surface 
growth  was  rubbed  between  two  cover  glasses,  allowed  to  dry  in  the  air, 
and  then  the  whole  series  to  be  compared  were  fixed  all  together  in  the 
hot-air  sterilizer  at  120°  C.  for  20  to  30  minutes.  For  staining,  carbol- 
fuchsin  was  used  cold,  and  the  decolorization  effected  with  a  10  per  cent 
aqueous  solution  of  sulphuric  acid  acting  for  from  15  to  30  seconds. 
Cover-slips  were  also  decolorized  with  ^  per  cent  acetic  acid,  some  simply 
washed  in  water,  others  were  stained  according  to  Gram-Weigert.  In 
all  cases  the  members  of  the  series  studied  were  treated  alike  and  at  the 
same  time,  thus  eliminating  minor,  often  unavoidable,  variations.  In  all 
eases  the  characters  to  be  described  refer  to  dog-serum  cultures.  These 
were  renewed  every  3  to  6  weeks,  as  many  at  a  time  as  was  possible.  The 
regularity  of  re-inoculations  was  now  and  then  interrupted  by  a  beginning 
infection  of  the  tube  with  moulds,  or  a  too  feeble  growth,  necessitating 


Theobald  Smith 


459 


earlier  transfer  to  fresh  tubes.  As  a  rule  the  cultures  were  kept  contin¬ 
uously  in  the  thermostat  until  the  next  transfer  was  made.* 

The  tendency  of  most  species  of  bacteria  to  vary  slightly  from  tube  to 
tube,  either  in  size,  form,  or  staining  capacity,  is  also  characteristic  of 
tubercle  bacilli,  so  that  repeated  examination  of  series  of  cultures  is 
necessary  to  obtain  what  might  be  called  a  composite  photograph  of 
their  most  permanent  characters  or  peculiarities.  The  statements  made 
below  as  to  the  morphology  of  the  bacilli  under  observation  are  based 
on  the  repeated  examination  of  hundreds  of  slides  of  which  the  condi¬ 
tions  of  growth  of  the  bacilli,  the  coagulating  point  of  the  serum,  and  the 
staining  manipulations  had  been  carefully  noted.  The  cultivation  of 
tubercle  bacilli  requires,  even  under  the  best  circumstances,  constant 
personal  attention,  and  those  not  prepared  to  give  it  had  better  not 
attempt  it  seriously.  Success  is  obtainable  along  lines  other  than  those 
suggested  by  me.  Koch  succeeded  by  using  beef’s  serum  in  ordinary 
plugged  test  tubes.  He  is,  however,  the  only  investigator,  I  believe,  who 
has  studied  series  of  cultures  of  tubercle  bacilli. 

MORPHOLOGICAL  AND  BIOLOGICAL  CHARACTERS. 

With  one  exception  to  be  noted  below  (Sputum  I),  the  human  bacilli 
grew  from  the  start  much  more  vigorously  than  the  bovine  bacilli. 
With  several  the  rapidity  of  growth  was  surprising.  After  two  weeks 
these  cultures  appear  as  a  whitish  surface  layer  of  a  pearly  lustre,  of 
varying  thickness.  The  bovine  cultures  show  merely  discrete  colonies, 
or  a  thin,  uniform  layer  having  the  appearance  of  ground  glass,  f  This 
difference  in  the  vigor  of  growth  has,  in  general,  maintained  itself,  with 
the  slowly  increasing  tendency  of  all  cultures  to  multiply  more  rapidly. 

The  size  of  bovine  bacilli  in  the  various  cultures  was  quite  constant. 
They  were  all  quite  short,  usually  about  1  to  1.5  n  long,  more  rarely  1 

*  It  is  always  desirable  as  a  precautionary  measure  to  retain  3  or  4  older 
transfers  of  any  culture  in  a  cool,  dark  place,  so  that  it  may  not  be  lost 
through  some  accident  or  contamination.  Now  and  then  culture-media 
will  prove  unsatisfactory.  In  such  cases,  the  earlier  tubes  must  again  be 
resorted  to.  I  have  noticed  that  upon  all  the  serum  tubes  from  one  dog, 
growth  was  feeble.  The  liver  and  the  kidneys  of  this  animal  showed  consid¬ 
erable  fatty  changes,  althoiigh  the  animal  had  not  been  ill.  Possibly  over¬ 
feeding  may  be  the  cause  of  the  difficulty. 

t  In  some  tubes  a  peculiar  coppery  discoloration  may  extend  over  the 
entire  surface  growth.  Cultures  from  these  are  fertile,  however.  There  is 
nothing  in  the  microscopic  appearance  of  the  bacilli  to  explain  this  change. 
It  is  not  an  uncommon  feature  of  cultures  of  feeble  vitality,  or  of  unsatis¬ 
factory  culture-media. 
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to  2  u.  These  measurements  do  not  tend  to  change  appreciably  with 
prolonged  cultivation.  The  bacilli  are  straight,  not  very  regular  in 
outline.  Some  are  broader  at  one  end  than  at  the  other,  some  broader 
in  the  middle  than  at  either  end,  i.  e.  spindle-shaped.  Some  may  be  so 
short  as  to  resemble  oval  cocci.  With  the  human  bacilli  the  form  was 
not  so  constant.  The  earliest  cultures  of  Sput.  II,  IV,  V  and  VI  con¬ 
tained  forms  from  1  to  2  //  long,  hence  closely  approximating  the  bovine 
forms.  Others  (Sputum  III)  may  be  longer  from  the  start.  In  all, 
however,  there  is  a  tendency,  not  noticed  among  bovine  cultures,  to  grow 
longer  under  artificial  cultivation.  Perhaps  the  greatest  contrast  in 
form,  which  has  remained  so  for  three  years,  is  illustrated  by  the  bovine 
and  the  Nasua  (human)  culture  described  in  1896.  In  the  latter  the 
bacilli  are  from  2  to  3  times  the  length  of  the  former. 

In  the  earliest  cultures,  therefore,  morphological  differences  are  not 
necessarily  characteristic,  and  cannot  aid  us  in  attempts  at  determining 
the  origin  of  cultiTres.  Cultures  containing  only  small  forms  have  been 
noted  by  Metchnikoff  and  Straus.  The  latter  states  that  even  the  avian 
variety  may  assume  very  small  dimensions  under  certain  circumstances. 

Vlien  the  serum  to  be  used  for  cultures  is  coagulated  at  a  tempera¬ 
ture  of  71°  to  72°  C.,  instead  of  75°  to  76°  C.,  certain  modifications  are 
manifest.  All  bacilli  which  have  developed  on  a  serum  having  a  firm 
surface,  and  which  is  obtained  at  the  higher  temperature,  absorb  the 
dye  promptly  and  become  brilliantly  stained.  When  a  softer  (71°  C.) 
serum  is  employed,  whose  surface  is  easily  depressed,  torn  and  broken 
by  the  platinum  needle,  the  culture,  which  may  have  become  either 
more  or  less  vigorous  tharr  before,  now  contaiirs  a  large  number  (from 
50  to  90  per  cent)  of  bacilli,  which  stain  quite  feebly.  Uniformly 
dispersed  among  them  are  deeply  stained  forms.  This  feeble  stain  is 
noticed  when  bacilli  are  not  treated  with  decolorizing  agents  at  all,  and 
the  appearance  of  the  cover-slip  preparation  is  not  materially  altered  by 
the  acid.* 

While  both  human  and  bovine  bacilli  are  affected  by  the  softer  serum, 
the  former  show  a  much  greater  degree  of  change.  The  bacilli  are  very 
feebly  stained  and  show  outlines  often  very  indistinct.  Further  than 

*  Since  the  completion  of  the  manuscript  further  studies  of  this  phe¬ 
nomenon  have  convinced  me  that  at  least  some  of  the  feeble  staining’  is  due 
to  the  formation  of  a  capsular  substance,  which  interferes  with  the  pene¬ 
tration  of  the  dye.  This  substance,  which  is  produced  in  greatest  abundance 
by  the  human  cultures,  is  not  infrequently  detected  as  an  irregular,  un¬ 
stained  envelope  around  a  single  bacillus  or  a  group.  It  is  not  stained  by 
the  i)rocedure  recommended  by  Prof.  Welch  for  staining  capsules. 
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this,  the  human  bacilli,  on  the  softer  serum,  tend  to  become  longer  and 
slightly  curved.  In  some  cultures  this  change  is  very  pronounced,  in 
others  less  so.  With  the  bovine  forms  there  is  no  elongation,  although 
the  bacilli  may  be  less  brilliantly  stained  than  on  firm  serum.  Of  seven 
human  cultures  studied,  all  have  exhibited  this  tendency  to  become 
slender,  while  none  of  the  bovine  bacilli  have  been  seen  to  change  their 
size  to  any  appreciable  degree.  Some  of  the  bovine  cultures  from  softer 
serum  did  not  even  show  any  feebly  stained  bacilli. 

Another  modification  in  form  which  manifests  itself  upon  the  firmer 
serum  is  the  appearance  of  round,  deeply  stained  bodies,  at  or  near  the 
end  of  the  usually  slender  bacilli,  very  rarely  in  the  middle.  These  bodies, 
from  1.5  to  2  times  the  diameter  of  the  rod,  take  a  brilliant  stain  in  car- 
bol-fuchsin,  contrasting  with  the  more  feebly  stained,  less  compact  rod 
in  which  they  are  imbedded.  These  bodies,  which  have  a  striking  resem¬ 
blance  to  spores,  may  be  present  in  all  the  rods  of  any  one  preparation, 
or  in  a  certain  proportion  only.  They  have  been  seen  in  Nasua,  Sputum 
III,  IV  and  VI.  In  the  bovine  cultures  bodies  of  this  nature  are  occa¬ 
sionally  recognizable,  but  OAving  to  the  shortness  of  the  bacilli  they  do 
not  stand  out  distinctly.  Of  much  more  freqi^ent  occurrence  in  these 
cultures,  often  the  only  forms  present,  are  short  frisiform  or  spindle- 
shaped  rods,  the  central  sAvelling  being  also  deeply  stained,  and  perhaps 
corresponding  to  the  terminal  body  of  the  human  forms.  These  bodies 
have  been  seen  by  Ehrlich,  Nocard  and  Eoux,  Metchnikoff,  Cornil  and 
Babes,  CzapleAvski  and  Straus.  They  have  been  variously  interpreted 
as  spores,  and  bacilli  containing  them  have  been  successfully  double- 
stained.  Their  significance  remains  Ainsoh’ed.  The  most  probable  ex¬ 
planation  is  a  degeneration  or  involution  form.  They  may,  hoAvever, 
represent  some  resting  stage  and  correspond  to  the  short,  brilliantly 
stained  bodies  frequently  seen  in  giant  cells,  and  not  recognizable  as 
bacilli.  In  unstained  films,  mounted  in  Avater,  they  cannot  be  distin¬ 
guished  even  Avith  a  very  narroAv  pencil  of  light.  An  increased  refrangi- 
bility  cannot  be  made  out. 

Experiments  to  determine  the  length  of  time  required  at  60°  C.  to 
destroy  both  human  and  bovine  forms  have  thus  far  not  revealed  any 
differences.  The  tests  are  reserved  for  a  special  publication. 

A  study  of  the  relative  resistance  of  the  bacilli  to  drying  has  not  yet 
been  attempted. 

Among  the  sputum  cultures  is  one  (No.  1)  Avhich  greAv  so  feebly  on 
dog’s  serum  that  its  cultivation  Avas  finally  given  up.  The  history  of  the 
case  is-  briefly  given  in  Table  I.  Since  the  comparative  tests  of  the 
pathogenesis  of  this  culture  are  A-^ery  incomplete,  I  shall  give  briefly  the 


462  Study  of  Bovine  and  Human  Bacilli  from  Sputum 

results  of  the  inoc-ulation  of  the  sputum  as  evidence  that  the  organism 
was  in  reality  a  tubercle  bacillus. 

June  27,  1896.  Guinea-pig,  weight  640  grammes,  receives  into  abdomen  0.5 
cc.  of  bouillon  in  which  some  sputum  is  suspended. 

July  20.  Weight  457  grammes.  Animal  rather  dull,  with  coat  slightly 
staring.  Very  little  resistance  to  handling.  Chloroformed. 

A  few  subserous  tubercles  around  point  of  injection.  Omentum  represented 
by  a  cylindi’ical  mass  of  neoplastic  tissue,  about  1  to  2  cm.  in  diameter,  firm, 
speckled  with  whitish  dots  indicative  of  necrosis.  Tubercles  on  diaphragm 
and  testicles.  Liver  spotted  with  small,  irregular,  not  well-defined,  yellowish 
necroses.  Spleen  slightly  enlarged,  with  Malpighian  bodies  prominent.  Bi-on- 
chial  and  sternal  glands  enlarged,  with  central  necrosis.  Lungs  free  from 
visible  tubercles. 

The  pathogenic  power  of  this  sputum  seems  to  have  been  equal  to 
that  of  most  sputa  examined.  One  guinea-pig  of  672  grammes,  inocu¬ 
lated  precisely  like  the  preceding,  died  46  days  after  inoculation,  with 
more  pronounced  lesions  of  the  liver  and  spleen.  A  third  guinea-pig  of 
370  grammes,  w^hich  had  received  the  same  quantity  subcutaneously, 
weighed  a  trifle  more  on  the  49th  day  (390  grammes)  than  at  the  begin¬ 
ning.  On  this  day  it  Avas  chloroformed  and  examined.  The  typical 
ulcer  with  surrounding  tubercles  in  the  subcutis  and  a  few  tubercles  in 
the  omentum  were  seen.  The  liver  Avas  pale  and  fatty,  the  spleen  en¬ 
larged  to  several  times  the  normal  size  and  uniformly  permeated  Avith 
grayish  (one  mm.)  foci,  but  Avithout  necroses.  The  lungs  Avere  studded 
Avith  small,  partly  necrotic  tubercles.  The  bronchial  and  sternal  glands 
Avere  large,  Avith  necrotic  centres. 

The  first  culture  shoAved  someAvhat  slender  but  Avell-stained  bacilli. 
In  tubes  subsequently  inoculated,  the  bacilli  multiplied  almost  exclu¬ 
sively  in  the  condensation  Avater,  Avhich  became  milky  in  appearance. 
In  this  the  bacilli  appeared  in  roundish  clumps  among  cholesterin  crys¬ 
tals.  The  bacilli  Avere  imbedded  in  a  colorless  material  Avhich  formed  the 
cohesive  clump.  Tlie  stained  l)acilli  presented  no  unusual  characters 
saA’e  in  one  culture  (after  about  six  months  of  total  cultivation),  in  Avhich 
fully  one-half  of  all  the  quite  slender  bacilli  appeared  as  series  of  trans¬ 
verse,  apparently  unconnected  stained  blocks,  simulating  streptococci. 
It  is  unfortunate  that  more  animal  tests  Avere  not  made  Avith  this  stock. 
As  I  Avas  expecting  a  more  vigorous  culture  from  month  to  month,  tests 
Avere  postpoiied  until  conditions  should  apjiroximate  those  of  the  other 
cultures.  These  Avere,  hoAvever,  not  realized.  The  only  test  upon  a 
rabbit  is  given  in  Table  III.,  The  cultivation  AA’as  finally  abandoned. 
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Of  the  other  animal  bacilli  the  cultures  from  swine  were  identical  with 
the  bovine  cultures  in  morphological  and  other  characters.  Those  of  the 
horse  and  the  cat  were  also  either  identical  with  the  bovine  bacilli  or 
they  very  closely  resembled  them. 

If  we  undertake  to  summarize  the  observations  made  with  micro¬ 
scope  and  culture  tube  upon  these  bacilli,  we  somewhat  hesitatingly 
formulate  the  following  general  statements: 

1.  Bovine  and  other  animal  bacilli  (except  Nasua,  w’hich  is  regarded 
as  coming  from  man)  grew  less  vigorously  for  a  number  of  generations 
than  the  sputum  bacilli.  Sputum  I  is  an  exception  and  is  probably 
an  atypical  form. 

2.  Bovine  bacilli  are  much  less  influenced  by  certain  modifications 
of  the  culture-medium. 

3.  Bovine  bacilli  tend  to  remain  short;  human  bacilli  are  either 
more  slender  from  the  start  or  become  so  during  cultivation. 

PATHOGENESIS. 

The  most  important  means  of  demonstrating  identity  or  divergence 
of  characters  of  pathogenic  bacteria  is  the  test  upon  animals.  This 
test  is  a  purely  physiological  one,  but  in  the  application  of  experi¬ 
mental  results  from  the  domain  of  bacteriology  to  medicine,  morpho¬ 
logical  characters  must  give  way  to  physiological. 

That  there  might  be  differences  among  tubercle  bacilli  from  dif¬ 
ferent  species  of  mammals  presented  itself  as  a  possibility  to  Koch  and 
is  referred  to  in  his  monograph.  He,  however,  failed  to  recognize 
any  differences  ■worth  mentioning.  There  are  several  reasons  for  this. 
In  the  first  place,  Koch  was  at  that  time  endeavoring  to  prove  to  the 
world  that  the  tubercle  bacillus  is  the  cause  of  tuberculosis.  Minor 
details  received  no  attention  because  of  the  great  and  difficult  task  im¬ 
mediately  before  him.  In  the  second  place,  the  course  of  tuberculosis 
is  essentially  a  function  of  the  number  of  bacilli  introduced.  Varia¬ 
tions  in  the  dose  result  in  corresponding  A*aviations  in  the  length  of  the 
disease,  in  its  final  termination,  and  in  the  extent  and  distribution  of 
the  lesions.  This  fact  Koch  himself  recognized  in  discussing  the 
results  following  the  intra-ocular  inoculation  of  varying  quantities  of 
culture  material  in  rabbits.  Tie  did  not,  however,  attempt  to  adjust 
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carefully  the  quantity  to  be  injected  or  to  determine  the  effect  of 
varying  quantities  of  bacilli  upon  any  of  the  species  used  by  him. 
Curiously  enough,  no  one  following  liim  seems  to  have  considered  it 
worth  while  to  extend  his  Avork  by  more  accurate  comparative  tests. 
That  such  work  is  likely  to  be  fruitful  the  following  experiments 
amply  demonstrate. 

Guinea-pigs.  The  inoculation  of  this  species  with  tubercle  bacilli 
from  the  various  cultures  brought  out  foAV  well-defined  differences. 
The  great  susceptibility  of  guinea-pigs  to  tubercle  bacilli  is  responsible 
for  the  general  acceptance  of  a  common  level  of  pathogenic  power 
for  all  mammalian  tubercle  bacilli.  This  tendency  to  unify  physio¬ 
logical  characters  because  of  a  more  or  less  uniform  action  upon  very 
susceptible  species  has  led  to  frequent  failure  on  the  part  of  experi¬ 
menters  to  recognize  important  variations  among  species  of  bacteria, 
variations  probably  having  much  influence  upon  the  course  of  the 
disease  contracted  in  the  natural  way.  There  are,  however,  certain 
differences  in  the  action  of  bovine  and  sputum  bacilli  upon  guinea- 
pigs  which  enable  us  to  recognize  even  in  these  very  susceptible  ani¬ 
mals  the  much  greater  virulence  of  bovine  bacilli.  It  is  probable 
that  by  a  graded  dosage  of  tubercle  bacilli  more  marked  differences 
might  be  brought  out  than  I  am  in  position  to  present. 

It  has  already  been  stated  that  all  the  cultures  in  hand  had  been 
obtained  by  inoculating  the  tuberculous  tissue  or  the  sputum  into 
guinea-pigs  and  isolating  the  bacilli  from  them.  To  obtain  the  bovine 
cultures,  a  small  bit  of  tissue  was  placed  in  a  subcutaneous  pocket  in  the 
flank.  For  sputum  bacilli  the  sputum  was  shaken  up  in  sterile  bouillon 
and  the  dilution  injected  into  the  abdominal  ca^fity.  In  these  prelimi¬ 
nary  experiments  differences  presented  themselves  between  the  two 
kinds  of  material.  Although  the  sputum,  as  a  rule,  contained  very  many 
tubercle  bacilli  and  the  bovine  tissue  very  few,  yet  the  subcutaneous 
injection  of  sputum  led  to  such  a  chronic  disease,  Avith  comparatively 
slight  lesions  and  a  tendency  to  reparative  changes  in  the  liver,  that  the 
animals  Avere  very  unpromising  subjects  for  culture  when  chloroformed.* 
Hence  the  intra-abdominal  inoculation  in  most  cases.  On  the  other 
hand,  the  disease  due  to  bovine  tissue  placed  in  the  subcutis  never  failed 

*  These  statements  apply  only  to  guinea-pig's  weighing  400  grammes  and 
above. 
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to  produce  extensive  lesions,  with  indications  of  certain  death  in  4  to 
6  Aveeks,  which  was  anticipated  by  chloroform  when  cultures  were  to  be 
made.  Leaving  this  preliminary  series  of  inoculations,  we  will  pass  to 
those  made  with  definite  doses  of  tubercle  bacilli  in  suspension. 

The  suspension  Avas  made  l)y  thoroughly  rubbing  the  groAvth  from 
blood  serum  upon  the  inside  of  dry  sterile  test  tub  os  with  a  heavy 
spatula-like  platinum  wire.  This  procedure  results  in  the  breaking  up 
of  clumps  and  the  coating  of  the  tube  Avith  masses  of  bacilli.  Bouillon 
Avas  then  poured  in  and  the  thoroughly  stirred  suspension  alloAved  to 
stand  for  seA'eral  hours  until  all  coarser  particles  had  subsided.  The 
resulting  suspension  Avas  diluted,  if  necessary,  iintil  its  density  Avas  nearly 
equivalent  to  that  of  a  bouillon  culture  of  typhoid  bacilli  20  to  24  hours 
old,  and  nearly  as  homogeneous.  More  accurate  dosage  might  be  obtain¬ 
able  by  Aveighing  the  moist  groAvth  before  suspending  it  in  bouillon; 
but  inasmAich  as  the  Aveighed  quantity  may  not  all  be  brought  into  a 
finely  divided  state — a  matter  of  importance  in  the  intraA^enous  injection 
of  rabbits — the  method  adopted  is  probably  less  troiiblesome  and  equally 
accurate. 

Of  this  suspension  the  usual  dose,  both  for  subcutaneous  and  intra¬ 
abdominal  inoculation,  Avas  0.5  cc.  An  examination  of  the  dates  in 
the  A^arious  tables  Avill  shoAv  that  many  of  the  inoculations  upon  rabbits, 
guinea-jDigs  and  cattle  Avere  made  AAuth  the  same  suspension  on  the  same 
day. 

The  guinea-pigs  employed  Avere  all  rather  large,  Aveighing,  Avith  feAV 
exceptions,  from  400  to  700  grms.  They  had  all  been  used  in  diphtheria 
antitoxin  tests  one  to  three  months  before.  The  rapid  increase  in 
Aveight  Avas  eAudence  of  no  disturbance  of  health  at  the  time  of  inocula¬ 
tion.  It  is  of  importance  to  bear  in  mind  that  the  animals  Avere  large, 
because  the  progress  of  tuberculosis  differs  essentially  in  groAving  and 
adult  guinea-pigs,  the  latter  manifesting  a  far  greater  resistance  than 
the  former,  a  resistance  expressed  by  Avell-marked  reparative  or  cirrhotic 
changes  in  the  liver.  The  differences  to  be  pointed  out  in  the  bovine 
and  sputum  series  may  possibly  be  nearly  Aviped  out  by  the  use  of  guinea- 
pigs  Aveighing  only  250  to  300  grms. 

The  disease  induced  by  the  intra-abdominal  injection  Avas  so  rapid 
in  its  progress  for  both  bovine  and  sputum  cultures  that  the  virulence 
of  both  races  appears  nearly  the  same. 

The  shortest  ]teriod  betAveen  inoculation  and  death,  Avhen  0.5  cc.  of 
the  suspension  Avas  injected,  is  7  days,  the  longest  21  days,  Avith  one 
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exception,  that  of  Sputum  VI,  which  was  38  days.  In  other  cases  the 
period  was  prolonged  because  of  smaller  doses.  For  Bovine  I  (0.2  ce.) 
it  was  33  days;  for  Nasua  (0.3  cc.)  41  days.  If  we  take  the  largest  series 
in  which  the  injections  were  made  at  the  same  time  and  in  which  the 
conditions  were  identical — the  series  comprising  cultures  of  Sput.  IV, 
Y,  VI  and  of  Bovine  III,  IV,  V — we  find  the  periods  elapsing  between 
inoculation  and  death  to  be  respectively  21,  11,  38  for  the  sputum  and 
7,  9  and  10  days  for  the  bovine  cultures. 

The  disease  due  to  the  intra-abdominal  injection  of  tubercle  bacilli 
in  the  quantity  used  is  peculiar  in  this,  that  there  is  always  found  after 
death  a  large  quantity  of  an  opalescent  fluid  in  both  pleural  sacs.  This 
fluid  greatly  compresses  the  lungs  and  is  probably  the  immediate  cause 
of  death.  "When  the  disease  is  prolonged  beyond  3  weeks,  the  pleural 
effusion  is  absent.  A  careful  histological  study  of  the  various  organs 
in  this  most  acute  form  of  the  inoculation  disease,  which  will  probably 
furnish  the  explanation  of  the  effusion,  is  still  to  be  made.  In  the 
abdominal  cavity  there  is,  as  might  be  expected,  a  general  inflammation 
of  the  peritoneum,  associated  with  some  fibrinous  exudation  and  usually 
a  little  viscid  fluid,  when  the  disease  does  not  last  quite  ten  days.  Any 
prolongation  beyond  this  brings  a  dense  eruption  of  tubercles  into  view. 
The  omentum  is  in  all  cases  represented  by  a  cylindrical  mass  of  fused 
tubercles. 

If  we  turn  to  the  subcutaneous  inoculations,  the  difference  in  patho¬ 
genic  power  is  more  clearly  brought  out. 

In  the  same  series  just  quoted,  of  the  three  sputum  guinea-pigs,  one 
died  44  days  after  inoculation,  the  others  were  chloroformed  respectively 
77  and  100  days  after  inoculation;  the  first  having  lost  but  little  in 
weight,  the  second  being  a  trifle  heavier,  but  having  extensive  pulmonary 
disease.  The  bovine  guinea-pigs  died  in  51,  41  and  40  days  respectively. 
The  sputum  guinea-pig,  which  succumbed  in  44  days,  weighed  at  the 
start  130  grms.  less  than  the  lightest  bovine  guinea-pig.  The  lesions 
were  slight,  the  lymph  glands  only  moderately  enlarged,  the  foci  in  the 
lungs  not  visible  to  the  naked  eye.  The  spleen  was  not  enlarged.  The 
liver  was  mottled  with  very  many  grayish  specks.  The  microscopic 
examination  showed  lesions  but  slightly  advanced  and  reparative  changes 
with  proliferation  of  bile-ducts  in  progress.  In  general,  the  tuberculous 
lesions  in  this  animal  did  not  warrant  so  early  a  death. 

The  histological  examination  of  the  tissues  of  the  infected  guinea-pigs 
was  restricted  to  the  lungs  and  the  liver  of  those  inoculated  simultane- 
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ously  under  the  skin  with  cultures  of  Sputum  lY,  V  and  VI,*  and  of 
Bovine  III  and  V.  These  organs  were  chosen  because  of  their  peculiar 
behavior  towards  the  infection.  The  liver  is  invaded  first,  and  under 
favorable  conditions  cirrhotic  changes  may  begin  which  in  some  cases 
a])])arently  lead  to  an  elimination  of  the  disease,  with  considerable 
shi'inking  of  the  organ  and  furrowing  of  the  surface.  In  the  lungs  the 
disease  begins  later,  and  if  the  animal  survives  the  first  6  weeks,  may 
grow  steadily  until  most  of  the  organ  is  involved. 

Pieces  of  tissue  hardened  in  Zenker’s  fluid  or  alcohol  were  cut  em¬ 
bedded  in  paraffine.  The  sections,  fastened  to  the  slide  with  Mayer’s 
albi;men  and  water  combined,  were  stained  Avith  hsemalum  and  eosin  or 
]jicro-acid-fuehsin,  or  with  eosin  and  methylene-blue.  In  some  cases 
Weigert’s  fibrin  stain  was  resorted  to.  All  were  stained  for  tubercle 
bacilli  in  carbol-fuchsin,  differentiated  in  1  per  cent  acetic  or  decol¬ 
orized  in  4  per  cent  sulphuric  acid,  and  stained  subsequently  in  Loffler’s 
methylene-blue.  The  stain  for  tubercle  bacilli  was  successful  in  the  tis¬ 
sues  hardened  in  Zenker’s  fluid.  Even  in  the  sections  stained  according 
to  Gram-Weigert,  the  bacilli  appeared  distinctly,  but  in  a  peculiar  form, 
often  simulating  short  streptococci  with  the  individual  cells  rather  well 
separated,  or  series  of  short  blocks  with  spaces  between  them.  Here 
the  stain  fastens  itself  only  upon  certain  segments  of  the  bacillus,  leaving 
the  connecting  elements  entirely  unstained.  The  part  selected  evidently 
stands  in  no  relation  to  the  bulging,  deeply  stained,  spore-like  bodies 
referred  to  above  as  occurring  in  cultures. 

In  discussing  the  histological  changes  induced  by  tubercle  bacilli  in 
the  various  animals  inoculated,  it  has  been  my  determination  to  steer 
clear  of  all  controversial  questions  relating  to  the  histogenesis  of  the 
tubercle  or  of  the  elements  composing  it,  as  being  foreign  to  the  scope 
of  this  etiological  study.  Only  Ihose  features  will  be  very  briefly  referred 
to  which  show  pronounced  variations  and  Avhich  serve  to  point  out  differ¬ 
ences  in  the  action  of  the  bacilli. 

In  the  liver  of  the  inoculated  guinea-pig,  the  proliferative  lesions 
present  in  all  cases  examined  consist  of  aggregations  of  the  characteristic 
epithelioid  cells,  among  which,  here  and  there,  scattering  nuclei  appear 
richer  in  chromatin,  and  which  for  convenience  are  designated  lymphoid 
elements.  The  lesions,  situated  chiefly  in  the  interlobular  tissue,  are 
surrounded  with  a  Avide  or  narroAv  zone  of  proliferating  bile-ducts,  AAdiich 
appear  as  single  or  forked  lines  or  in  the  form  of  meshes.  There  is  noth- 

*  Spleen  in  place  of  liver  in  this  case,  the  latter  having  been  rejected  by 
mistake. 
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iug  in  the  microscopic  appearance  of  the  liver  tubercles  to  serve  as  dis¬ 
tinguishing  marks,  excepting  the  much  more  extensive  involvement  of 
the  liver  tissue  and  the  much  greater  abundance  of  tubercle  bacilli  in 
the  bovine  cases.  In  the  latter  there  are  added  to  these  lesions  those  of 
another  character,  the  simple  necrosis  of  cell  territories  ushered  in  by  a 
fading  out  of  the  nuclei  and  a  deep  stain  with  eosin.  These  areas  prob¬ 
ably  represent  the  yellow  cheesy  areas  so  common,  and  often  very  large, 
in  young  tuberculous  guinea-pigs.  They  are  readily  distinguishable  with 
the  naked  eye  from  the  grayish  proliferative  changes  going  on  in  the 
interlobular  tissue.  In  the  sputum  cases  the  very  rare  areas  of  this 
character  seen  were  very  small. 

In  the  lungs,  the  lesions  are  as  a  rule  perh^ascular  and  peribronchial. 
Tliere  are  no  essentially  distinctive  features  here,  excepting  the  very 
great  abundance  of  tubercle  bacilli  in  the  bovine  cases.  In  Bov.  Ill  the 
bacilli  are  also  found  in  large  numbers  in  cell  detritus  occupying  alveoli 
and  small  bronchi.  In  Sputum  VI  many  alveoli  in  the  iieriphery  of  the 
foci  are  nearly  filled  out  with  multiniTcleated  cells  resembling  giant  cells 
closely,  but  their  contents  are  only  pigment  particles.  In  Bovine  V 
similar  cells  are  present,  though  in  small  numbers.  These,  as  well  as 
other  cells  in  the  alveoli,  each  contain  several  bacilli. 

The  action  of  tubercle  bacilli  from  the  pig,  the  horse  and  the  cat 
upon  guinea-pigs  was  nearly  the  same  as  that  of  the  bovine  cultures, 
and  needs  no  special  discussion  here. 

"With  this  hasty,  imperfect  sketch  we  may  conclude  the  no^es  on 
the  tuberculosis  of  guinea-pigs  induced  with  cultures,  by  simply 
adding  that  the  bovine  bacilli  studied  are  more  virulent  than  human 
bacilli,  although,  owing  to  the  gi’eat  susceptibility  of  this  species,  the 
differences  are  not  likely  to  impress  us  unless  we  give  much  attention 
to  experimental  details.  These  differences  may  be  summed  up  as  con¬ 
sisting  in  the  more  rapid  death  of  all  guinea-pigs  inoculated  with 
bovine  bacilli,  the  greater  extent  of  the  lesions  and  the  far  greater 
abundance  of  tubercle  bacilli  in  them. 

In  Table  II  will  be  found,  in  part,  the  basis  for  these  conclusions. 


TABLE  II. — Guinea-pigs. 


♦Dilution  one-tlilrtl  to  one-fourth  of  that  hitherto  used. 
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Babbits.  The  inoculation  into  the  anterior  chamber  of  the  eye 
has  been  the  most  widely  practised  method.  This  seems  to  have  been 
followed  by  variable  results,  whether  due  to  the  number  of  bacilli 
injected,  the  source  of  the  bacilli  or  the  amount  of  injury  inflicted 
on  the  eye. 

Koch  injected  tubercle  bacilli  from  various  sources  into  an  ear-vein. 
The  bacilli  were  suspended  in  blood-serum  and  the  suspension  passed 
through  fine  gauze  to  eliminate  coarser  particles.  4  rabbits  were 
inoculated  in  this  way  with  bacilli  from  a  monkey,  3  with  bacilli  from 
a  case  of  phthisis  and  3  with  bacilli  from  cattle.  The  rabbits  all 
succumbed  in  from  18  to  31  days,  excepting  one,  which  was  killed 
on  the  38th  day.  In  another  experiment  a  culture  from  a  case  of 
lupus  and  from  a  monkey  were  tested  on  rabbits.  Death  ensued  in 
2  to  3  weeks.  The  weight  of  the  rabbits  and  the  density  of  the  sus¬ 
pensions  used  are  not  given,  so  that  comparisons  are  impossible.  More¬ 
over,  the  medium  used — liquid  serum — may  not  be  entirely  indif¬ 
ferent.  Straus*  mentions  the  slight  effect  prodiiced  upon  rabbits  by 
cultures  of  human  tubercle  bacilli. 

In  the  present  work,  the  injection  of  tubercle  bacilli  into  an  ear- 
vein  was  used  at  first  tentatively,  then,  when  sharp  distinctions  be¬ 
tween  bovine  and  human  cultures  were  made  manifest  by  this  proce¬ 
dure,  it  was  continued. 

Kabbits  weighing  from  1300  to  2200  grms.  were  employed.  The  sus¬ 
pension  was  prepared  as  already  described,  and  for  most  of  the  primary 
tests  0.5  cc.  was  injected.  By  referring  to  Table  III  it  will  be  seen  that 
for  the  primary  test  of  the  last  pair  of  cultures,  Bovine  VI  and  Sputum 
VII,  the  suspensions  were  ^  to  I  as  dense  and  the  dose  was  doubled. 
The  other  cultures  of  which  larger  doses  were  injected  are  Sputum  I, 
Nasua  and  Cat  I  (0.75  cc.),  and  Swine  I  (1  cc.).  More  recent  tests  indi¬ 
cate,  however,  that  any  variation  in  the  dose  as  slight  as  these  has  but 
little  influence  in  modifying  the  duration  of  the  disease. 

As  far  as  practicable,  the  tests  were  made  as  soon  as  the  purity  of  the 
cultures  was  beyond  doubt,  in  order  to  reduce  to  a  minimum  the  factor 
of  artificial  attenuation.  This  seems  to  have  been  on  the  whole  incon- 


*  La  tuberculose  et  son  bacille,  377. 
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siderable.*  An  effort  was  also  made  to  test  the  cultures  in  groups  as  far 
as  possible,  in  order  to  furnish  identical  conditions.  These  groups  are 
Bovine  I  and  Nasua,  Sputum  II  and  Bovine  II,  Sputum  III  and  IV, 
Sputum  I  and  IV,  Horse  I  and  Cat  I,  Sputum  V,  VI  and  Bovine  III, 
IV  and  V.  Sputum  VII  and  Bovine  VI  may  be  considered  a  group, 
though  the  inoculations  were  not  made  simultaneously,  owing  to  an 
accident.  The  ages  of  the  different  groups  of  cultures  varied  from  a 
minimum  of  9  to  a  maximum  of  24  days.  The  total  age  of  the  cultures 
likewise  varied  at  the  date  of  the  first  test  from  1  month  and  10  days  to 
9  months  and  25  days.  These  differences,  which  were  largely  counter¬ 
balanced  by  the  group  inoculations,  cannot  be  dwelt  upon  here,  as  the 
table  contains  all  the  information  needed  for  the  reader  to  form  his 
own  opinion.  It  should  be  stated,  however,  that  the  heaviest  rabbits  of 
any  group  were  chosen  for  the  bovine  cultures.  After  the  inoculation 
the  rabbits  were  handled  very  little,  in  order  that  the  conditions  might 
remain  as  uniform  as  possible.  For  this  reason  I  have  no  temperature 
records,  but  hope  to  obtain  them  from  a  special  series  of  experiments. 

The  results  may  be  classed  as  gross  or  those  manifest  on  ordinary 
observation  and  those  deducible  from  a  microscopic  examination  of 
the  diseased  tissues  and  organs.  The  gross  results  show  a  sharp  line 
of  demarcation  between  the  bovine  and  the  hum.an  cultures.  While 
all  the  rabbits  inoculated  with  the  former  succumbed  in  from  17  to 
21  days,  of  the  rabbits  inoculated  with  the  latter  only  one  succumbed 
in  35  days.  The  others  were  chloroformed  after  periods  ranging 
from  1  month  and  24  days  to  3  months  and  18  days.  At  the  time 
they  were  killed  all  but  one  had  increased  in  weight,  some  but  little, 
others  much. 

The  rabbits  inoculated  with  bovine  bacilli  manifested  in  most  cases 
more  or  less  dyspnoea  at  the  end  of  8  or  10  days.  The  lesions  were 
.  practically  the  same  in  all,  with  slight  minor  modifications.  The  lungs, 
as  the  first  and  chief  recipients  of  the  injected  bacilli,  were  in  a  state  of 
expansion,  which  in  some  cases  was  extreme.  All  lobes  were  densely 
sprinkled  over  with  small  grayish  tubercles,  varying  from  mere  specks  to 
those  1  mm.  in  diameter.  The  liver  was  usually  mottled,  indicating  fatty 
changes,  and  in  about  half  the  cases  it  was  permeated  with  barely  visible 
grayish  points.  The  spleen  was  enlarged  to  2  or  3  times  its  normal  size 


*  See  Table  III,  Bovine  culture  I. 
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and  as  a  rule  permeated  with  minnte  tubercles.  In  the  kidneys  the  visi¬ 
ble  tubercles  were  scarce.  In  3  cases  they  were  seen  in  the  heart  muscle, 
in  several  in  the  follieles  composing  Peyer’s  patch  at  the  ileocsecal  valve. 

Tlie  sputum  rabbits,  with  one  exception,  behaved  quite  ditTercntly 
from  the  bovine  cases.  A  certain  iiumher  showed  signs  of  illness  after 
7  or  more  days.  They  were  quiet,  somewhat  drowsy  and  ate  little,  but 
manifested  no  dyspnoea.  This  condition  lasted  one  or  two  weeks,  after 
which  recovery  took  place.  A  certain  number  did  not  show  this  transi¬ 
tory  depression.  It  is  probable  that  with  all,  during  the  first  month, 
there  was  loss  of  weight,  for  subsequent  Aveighings  showed  no  gain  upon 
the  initial  Aveight.  At  the  time  they  Avere  chloroformed,  they  had  all 
more  than  recovered  in  Aveight.  The  lesions  in  these  rabbits  Avere  in 
many  respects  quite  different  from  those  of  the  bovine  rabbits.  The 
rabbit  Avhich  received  the  culture  marked  Sputum  I  did  not  shoAv  any 
recognizable  lesions.  The  difficulty  experienced  in  the  attempts  to  eul- 
tiA'ate  this  bacillus  leaA^es  the  interpretation  of  this  case  someAvhat  doubt¬ 
ful,  although  the  microscopic  preparation  from  the  feeble  cidture  used 
shoAved  Avell-stained  bacilli.  The  lesions  of  the  other  cases  aati-o  quite 
uniform  in  character. 

In  all,  the  lungs  contained  tuberculous  foci  sprinkled  over  the  A'arious 
surfaces  from  1  mm.  to  1  cm.  apart.  They  did  not  seem  to  interfere 
functionally,  for  the  lungs  collapsed  normally  Avlieu  tlie  thorax  AA’as 
opened.  The  tubercles  frequently  projected  someAvhat  above  the  surface 
in  the  collapsed  state  of  the  organ.  In  the  fresh  condition  the  foci  Avere 
observed  as  minute  dots,  barely  visible  OAving  to  their  translucency,  as 
larger  foci,  2  mm.,  in  rare  cases  3  to  4  mm.  in  diameter,  also  translucent 
excepting  the  centre,  AAdiieh  AA'as  occupied  by  a  miiiAite  opaque  point,  and 
as  more  diffuse  infiltrations  of  a  translucent  appearance  mainly  at  the 
sharp  lateral  margin  of  the  lobes.  These  different  forms  of  lesions  Avere 
usually  found  associated  in  the  same  organ,  the  largest  in  the  animals 
kept  alive  longest.  Necrosis  AA’as  an  inconspicuous  feature,  AA’hcreas  the 
translucency  Avas  often  so  perfect  as  to  conceal  the  small  lesions  from 
the  eye.  When  placed  in  alcohol,  these  became  opaque  and  visible. 

The  liver  usually  contained  minute  tubercles  scattered  sparsely  over 
the  organ.  The  spleen,  only  very  slightly  larger  than  normal,  AA'^as 
affected  to  nearly  the  same  degree.  The  kidneys  came  next  to  the  limgs 
in  the  extent  of  the  lesions.  Sprinkled  sparingly  over  the  cortex  AA’^ere 
opaque  AA'^hitish  foci  from  one  to  tAvo  mm.  in  diameter.  When  the  organ 
Avas  incised,  these  round  foei,  in  many  cases,  corresponded  to  radial  Avhit- 
ish  lines  and  hands,  extending  from  the  periphery  towards  the  pelvis  and 
usually  stopping  Avithin  the  medullary  portion  near  its  base.  More 
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rarely  small  whitish  foci  were  observed  in  the  walls  of  the  stomach  or 
the  large  intestine.  The  lymph  nodes  were  free  excepting  in  one  case, 
in  which  the  node  associated  with  a  tuberculous  kidney  was  involved. 

In  all  cases  inspection  of  the  affected  organs  revealed  no  degenerative 
changes.  They  were  evidently  not  disturbed  by  the  focal  lesions,  an 
observation  strengthened  by  the  increased  weight  of  the  animals  when 
sacrificed.  The  single  rabbit  which  died  35  days  after  inoculation  had 
received  Sputum  culture  IV.  It  is  worth  while  to  note  as  a  highly 
probable  explanation  of  this  one  exception  that  the  rabbit,  after  inocu¬ 
lation,  escaped  from  the  basket  in  which  it  was  being  carried  and  had  to 
be  chased  for  a  long  time  in  the  animal  room  before  it  could  be  penned. 

I  at  once  anticipated  some  modification  of  the  disease,  owing  to  the 
different  distribution  the  bacilli  would  undergo  under  the  infii;ence  of 
muscular  exertion.  This  anticipation  was  realized.  The  rabbit  after  a 
week  became  quiet  and  remained  dull  and  drowsy,  without  any  change 
in  respiration.  On  the  day  before  death  it  sat  in  a  crouching  position, 
the  hind  feet  drawn  forward  under  the  body,  the  eyes  partly  closed. 
After  death  its  weight  was  922  grammes,  the  initial  weight  having  been 
1620  grammes.  During  the  latter  weeks  a  purulent  ophthalmia  devel¬ 
oped  in  the  left  eye,  and  shortly  before  death  there  was  a  slight  discharge 
and  beginning  opacity  of  the  cornea  in  the  right  eye. 

In  the  liver,  lungs  and  kidneys  there  were  minute,  translucent  tuber¬ 
cles,  scarce  in  the  lungs  and  kidneys,  more  abundant  in  the  liver.  The 
lesions,  found  in  sections  of  hardened  tissue  to  be  relatively  very  imma¬ 
ture,  could  not  explain  the  rapid  emaciation  and  death,  as  they  were  less 
extensive  than  those  of  the  surviving  rabbits,  unless  we  assume  that  the 
different,  more  general  distribution  caused  a  more  rapid  breaking  up  of 
the  bacilli  and  diffusion  of  the  toxines.  Another  hypothesis  would  be 
the  presence  of  foci  in  the  central  nervous  system,  which  was  not  exam¬ 
ined.  A  second  trial  upon  a  rabbit  2  months  later,  with  conditions  as 
nearly  the  same  as  possible,  proved  no  exception  to  the  general  rule. 
The  rabbit  showed  but  little  disturbance,  and  was  chloroformed  after  2 
months  and  9  days.  The  lesions  found  were  like  those  induced  by  the 
other  sputum  bacilli. 

In  order  to  probe  still  farther  this  difference  between  bovine  and 
human  bacilli,  the  lungs  of  all  but  a  few  rabbits  were  subjected  to  a 
microscopic  study.  Here  the  foci  may  all  be  considered  primary  and 
produced  under  like  conditions.  The  lesions  as  defined  in  fixed  and 
hardened  tissue  by  the  microscope  in  the  bovine  cases  were  characterized 
by  rapid  necrosis  of  the  tubercle  and  the  presence  of  very  large  numbers 
of  tubercle  bacilli.  This  necrosis  was  evident  in  the  fresh  organs  from 
32 
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the  marked  opacity  of  the  comparatively  young  tubercles.  The  tubercle 
itself  at  the  stage  in  which  it  came  under  observation  varied  slightly  from 
case  to  case.  It  consisted  of  a  necrotic  centre,  absent  only  in  the  small¬ 
est  foci,  outside  of  which  a  zone  of  epithelioid  cells  was  distinguishable. 
This  zone  was  in  several  cases  bounded  by  a  peripheral  one  of  cells  having 
deeply  stained  nuclei  and  probably  lymphoid.  These  latter  cells  were 
also  intermingled  with  the  epithelioid  ones.  The  central  necrosis  ap¬ 
peared  in  two  forms;  it  either  was  characterized  by  the  presence  of  a 
very  dense,  deeply  stained  mass  of  nuclear  fragments,  or  else  these  were 
present  only  to  a  slight  degree  and  the  centre  had  a  more  rarefied  aspect. 
In  the  latter  case  it  was  evident  that  the  necrotic  mass  consisted  of  the 
bodies  of  epithelioid  cells  and  the  few  nuclei  present.  In  the  former 
the  source  of  the  great  mass  of  nuclear  detritus  remains  in  doubt. 
These  dense  nuclear  masses  were  present  in  abundance  in  Bov.  I  and  III. 
In  Bov.  II  and  IV  they  were  not  quite  so  conspicuous;  in  Bov.  V  least  so. 
It  is  worthy  of  note  here  that  Bov.  I  and  III  are  the  two  cultures  which 
proved  rapidly  fatal  to  cattle  inoculated  with  them,  as  will  he  shown 
farther  on. 

In  the  series  of  rabbits  inoculated  with  human  bacilli,  the  lungs 
present  quite  different  conditions.  The  lesions  evidently  develop  very 
slowly,  for  in  the  one  rabbit  which  succumbed  after  35  days,  the  tubercles 
were  very'  small,  translucent,  the  bulk  microscopic  in  size.  With  the  con¬ 
tinued  life  of  the  rabbit  they  grow  larger.  The  microscopic  picture 
differs  from  that  of  the  bovine  series  in  the  rarity  of  necrosis  and  in  the 
comparative  scarcity  of  tubercle  bacilli.  The  tubercles  consist  of  aggre¬ 
gations  of  large  epithelioid  elements  which  only  in  the  centre  of  the  larger 
foci  show  necrosis.  These  epithelioid  foci  may  be  rarely  enclosed  by  a 
zone  of  round  cells.  Giant  cells  are  present,  but  as  a  rule  in  very  small 
numbers.  In  the  Sputum  III  rabbit  they  were  exceptionally  numerous 
and  very  large.  The  contiguous  alveoli  may  be  occluded  Avith  patches 
of  epithelioid  cells  not  to  be  confounded  Avith  desquamated  epithelium.* 
Tubercle  bacilli  are  found  only  in  the  necrotic  centres,  either  in  very 
small  numbers  or  more  abundantly.  In  some  cases  they  stain  feebly. 
In  all  cases  they  are  somewhat  longer  than  the  bovine  bacilli  in  the 
same  situation. 

In  addition  to  the  foregoing  inoculation  tests,  made  as  far  as  practi¬ 
cable  Avith  equal  doses,  a  feAv  others  Avere  tried  under  slightly  modified 

*  The  lesions  in  rabbits  dAie  to  spntnm  bacilli  resemble  in  many  respects 
those  produced  by  Prudden  Avith  boiled  and  washed  tubercle  bacilli  in  the 
same  species,  if  Ave  exclude  the  slight  progressive  tendency  of  the  disease 
due  to  the  living  forms.  See  N.  Y.  Med.  Journal,  1891,  i,  637. 
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conditions.  A  large  rabbit  (No.  20),  weighing  2048  grms.,  received  into 
the  abdominal  cavity  the  nsnal  dose,  0.5  cc.  of  the  standard  suspension. 
Death  ensued  26  days  later.  The  walls  of  the  abdomen  and  of  the  large 
intestine  were  densely  studded  with  minute  tubercles,  the  liver  per¬ 
meated  with  them.  The  lungs  also  were  densely  beset  and  penetrated 
with  minute  translucent  tubercles.  They  did  not  differ  appreciably  from 
the  lungs  after  intravenous  inoculation.  This  mode  of  inoculation  thus 
proved  almost  as  promptly  fatal  as  the  intravenous  injection.  The  same 
suspension  of  tubercle  bacilli  used  upon  the  preceding  rabbit  was  diluted 
with  9  volumes  of  bouillon,  and  0.5  cc.  injected  into  an  ear-vein  of  a 
rabbit  (No.  27)  weighing  1932  grms.  The  rabbit  thus  received  one- 
tenth  the  usual  dose.  In  this  animal  the  symptoms  and  duration  of  the 
disease  and  the  lesions  were  nearly  the  same  as  those  of  the  rabbits  inocu¬ 
lated  with  the  horse  culture  to  be  described  later.  The  rabbit  showed 
evidences  of  disease  after  two  weeks,  with  slowly  increasing  dyspnoea. 
On  the  34th  day  it  was  chloroformed,  as  it  would  probably  have  lived  but 
one  or  two  days  longer.  The  extreme  relative  virulence  of  the  bovine 
bacilli  is  thus  pxd  into  a  clear  light. 

A  similar  experiment  was  made  with  Sputum  culture  III.  One  rabbit 
received  an  equivalent  of  the  usual  dose,  another  one-tenth  of  this  on 
March  1st.  Both  are  still  alive  (July  20),  and  the  initial  weights  of  1707 
and  1672  grms.  are  now  1558  and  1986  grms. 

It  has  already  been  stated  that  the  Nasua  culture,  presumably  derived 
from  sputum,  produced  neither  symptoms  nor  visible  lesions  in  a  rabbit. 
The  swine  and  the  cat  culture,  however,  produced  lesions  practically 
identical  with  those  due  to  the  bovine  cultures. 

The  horse  culture  takes  a  position  midway  between  bovine  and  human 
cultures,  so  far  as  the  rabbit  inoculations  show.  These,  therefore,  de¬ 
serve  a  more  detailed  description.  The  first  rabbit,  treated  like  all  the 
rest,  remained  apparently  unaffected  for  a  month,  although  the  weight 
had  fallen  slightly  from  1505  to  1477  grms.  In  the  second  month 
respiration  became  somewhat  slower  and  grew  gradually  more  and  more 
labored,  so  that  the  animal  had  to  be  chloroformed  just  two  months  after 
inoculation.  The  weight  had  fallen  to  1232  grms.  The  lesions  were 
macroscopically  unlike  those  in  any  other  rabbit  of  the  series.  In  the 
first  place,  the  lungs  failed  to  collapse  even  slightly.  They  are  densely 
beset  and  permeated  with  tubercles  of  a  grayish,  feebly  translucent  ap¬ 
pearance,  the  majority  about  1.5  to  2  m.m.  in  diameter,  coalescing  into 
patches  4  and  more  mm.  in  diameter.  Minute  tubercles  are  also  visible 
among  the  larger  ones.  The  latter  may  have  a  minxite,  opaque,  necrotic 
centre.  The  liver  is  apparently  free  from  tubercles,  but  the  slightly 
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enlarged  spleen  is  beset  with  sharply  outlined,  slightly  projecting  grayish 
tubercles  1  mm.  in  diameter.  The  kidneys  are  affected  in  a  manner  simi¬ 
lar  to  those  of  the  sputum  rabbits,  but  the  foci  are  larger.  There  are 
scattering  tubercles  in  the  walls  of  the  small  and  large  intestines,  but 
none  in  the  walls  of  stomach.  A  second  rabbit,  inoculated  G  months 
later,  was  chloroformed  after  40  days  on  account  of  severe  dyspmea. 
Tlie  course  of  the  disease  and  the  lesions  were  like  those  of  the  first 
rabbit.  A  noteworthy  peculiarity  of  these  cases  is  the  presence  of  tuber¬ 
culous  foci  2  to  4  mm.  in  diameter  in  the  superficial  axillary  and  popliteal 
lymph  nodes.  These  were  not  seen  in  any  of  the  sputiim  rabbits,  but 
were  produced  by  retarding  the  bovine  disease  in  a  rabbit.  The  inter¬ 
mediate  position  of  this  horse  culture  is  well  illustrated  by  this  experi¬ 
ment  referred  to  above,  in  which  a  dilution  of  bovine  tubercle  bacilli, 
equivalent  to  one-tenth  of  the  usual  density  employed,  produced  mani¬ 
festly  the  same  effect  upon  rabbits  as  the  horse  culture.  In  other  words, 
the  pathogenic  power  of  the  bovine  culture  as  measured  ripon  rabbits 
was  10  times  that  of  the  horse  bacilli.  Further  trials  will,  perhaps, 
enable  us  to  give  a  rough  arithmetical  ratio  between  the  pathogenic  power 
of  the  bovine  and  the  sputum  cultures  as  affecting  adult  rabbits.  I  do 
not,  however,  consider  the  difference  between  these  races  to  be  solely 
quantitative. 

A  comparison  of  the  lesions  produced  by  these  three  races  was  at¬ 
tempted  by  a  histological  examination  of  the  lungs,  spleen,  liver  and 
kidneys  of  three  rabbits; 

No.  10.  Wt.  1.527-1017;  Sput.  V:  Chloroformed  3  months  7  days  after  inoculation. 

No.  14.  Wt.  1.540-1232 :  Horse  I ;  “  2  “  14  “  “  “ 

No.  10.  Wt.  1443-  Hov.  V:  Died  20  days  after  inoculation. 

I  refrain  from  giving  the  detailed  account  of  the  lesions  in  each  organ 
and  limit  myself  to  the  following  summary: 

Sputum  V.  Homogeneous  epithelioid  cell  foci  of  small  size,  with 
very  little  central  necrosis  and  very  few  tubercle  bacilli.  In  the  lungs 
and  kidneys  these  foci  have  lymphoid  cell  mantles,  in  the  liver  well- 
defined  connective  tissue  capsules. 

Horse  I.  Large  foci  in  lungs,  where  they  are  so  numerous  as  to 
coalesce;  some  large  foci  in  kidneys;  smaller  ones  in  the  spleen.  In  the 
liver  the  foci  are  represented  simply  by  one  or  several  large  giant  cells, 
situated  within  the  lobules.  Foci  large  in  subcutaneous  lymph  nodes 
and  Payer’s  patch.  Necrosis  of  the  foci  quite  extensive  in  all  the 
organs  excepting  the  lungs,  where  it  is  slight.  Tubercle  bacilli  fairly 
abundant  in  all  foci. 
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Bovine  V.  Large  numbers  of  epithelioid  cell  foci  in  lungs,  liver  and 
spleen.  In  the  latter  epithelioid  cells  are  also  abundant  throughout  the 
pulp.  Foci  small  in  kidneys.  Necrosis  under  way  in  lung  foci.  Tuber¬ 
cle  bacilli  very  abundant  in  all  foci. 

Taking  into  consideration  the  time  during  which  these  lesions  devel¬ 
oped,  we  may  epitomize  the  observed  differences  as  follows; 

In  the  first  rabbit,  very  gradual  development  of  the  tubercles,  with 
suppression  of  the  bacilli  and  reparative  changes  leading  to  a  stationary 
condition  of  the  disease.  In  the  second  rabbit,  continuous  but  not  very 
rapid  development  of  tubercles  in  the  various  organs.  In  the  kidney  and 
spleen  evidences  of  limitation  of  the  foci.  No  evidence  that  bacilli  are 
repressed.  In  the  third  rabbit  very  rapid  appearance  of  the  foci,  with 
unchecked  multiplication  of  the  bacilli  and  rapid  onset  of  necrotic 
changes. 

As  a  matter  of  some  interest  there  may  be  briefly  mentioned  certain 
lesions  of  the  eye  in  three  of  the  sputum  rabbits.  In  rabbit  No.  7,  inocu¬ 
lated  with  Sputum  culture  IV,  which  animal  was  the  only  one  of  all 
the  sputum  rabbits  to  succumb  (in  35  days),  a  purulent  ophthalmia  ap¬ 
peared  in  the  left  eye  some  time  before  death.  Soon  after  a  slight  cloud¬ 
iness  of  the  cornea  of  the  other  eye  was  noticed.  A  discharge  had 
started  in  this  shortly  before  death.  I  did  not  associate  these  lesions 
directly  with  tuberculosis,  although  later  cases  make  it  probable  that  the 
purulent  discharge  was  secondary  to  tuberculosis  of  other  parts  of  the 
eye.  At  the  autopsy  I  examined  the  discharge  for  tubercle  bacilli,  but 
found  no  acid-resisting  bacilli. 

The  second  rabbit  (No.  12)  inocidated  with  a  culture  from  the  same 
source  first  called  my  attention  to  this  localization  of  the  tubercle  bacilli. 
In  this  animal  there  was  noticed  some  weeks  after  the  inoculation,  a 
slight  nodular  thickening  of  both  lids  of  the  right  eye,  which  slowly 
grew  more  conspicuous.  Vision  became  impaired  by  the  enlargement 
and  gumming  together  of  the  lids,  so  that  the  rabbit  i;sed  the  other 
eye  only.  When  this  animal  was  chloroformed,  3  flatfish,  disk-like,  Arm 
excrescences  were  found  on  the  sclera  at  the  margin  of  the  cornea,  about 
90°  apart.  Of  these,  as  well  as  of  the  nodulated  lower  eyelid,  sections 
were  made,  and  both  lesions  proved  to  be  tuberculous.  In  both  the 
tubercle  bacilli  were  sparingly  present.  The  neoplasm  in  the  eye-ball 
had  involved  nearly  the  whole  thickness  of  the  sclera.  In  the  eyelid  the 
multiple  foci  were  external  to  the  lobules  of  the  Meibomian  glands.  In 
still  another  animal  eye  lesions  were  found.  About  2|  months  after 
rabbit  No.  16  had  been  inoculated  with  Sputum  culture  V,  the  lids  of 
the  left  eye  were  observed  to  be  gummed  together.  A  pasty,  yellowish 
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exudate  was  found  under  the  lids  and  the  cornea  was  slightly  opaque. 
About  3  weeks  later  the  animal  was  chloroformed  and  faint  whitish  spots 
were  seen  in  both  eyes,  presumably  on  the  iris.  Sections  of  the  eye 
hardened  unopened  in  Zenker’s  fluid  confirmed  this  supposition.  Small 
epithelioid  tubercles  were  found  in  the  vascular  stroma  of  the  iris  as 
well  as  in  one  ciliary  body.  Linear  infiltration  of  the  cornea  was  ob¬ 
served,  starting  from  the  most  affected  side  and  extending  to  the  middle 
of  the  cornea.  In  its  course  several  sections  of  vessels  were  found.  A 
similar  infiltration  had  begun  from  the  opposite  side.  In  the  foci  tuber¬ 
cle  bacilli  were  very  scarce.  The  infection  probably  came  through  the 
blood,  as  infection  from  the  point  of  injection  on  the  ear  is  hardly  sup- 
posable,  since  the  lesions  here  are  of  the  slightest  character.  The  ani¬ 
mals  had  been  kept  separated,  and  could  not  have  acquired  the  infection 
from  the  exterior.  The  eye  of  the  rabbit  thus  seems  to  be  a  very  vul¬ 
nerable  organ,  and  earlier  experimenters  have,  in  a  way,  chosen  by  acci¬ 
dent  that  organ  in  this  species  most  likely  to  give  positive  results.* 

The  divergences  noticed  when  rabbits  weighing  between  1300  and 
2200  grammes  are  inocTilated  into  an  ear-vein  with  0.5  cc.  of  a  well- 
clouded  suspension  of  tubercle  bacilli  in  bouillon  are  as  follo%vs: 

1.  Death  of  the  bovine  cases  in  17  to  21  days. 

2.  Rapid  evolution  and  necrosis  of  the  pulmonary  tubercles,  with 
very  great  increase  of  the  tubercle  bacilli  in  them. 

3.  Death  of  the  sputum  rabbits  (one  explainable  exception)  did  not 
ensue,  but  after  1^  to  3^  months  the  original  weight  had  been  more 
or  less  exceeded. 

4.  The  pulmonary  tubercles  in  the  sputum  rabbit  developed  very 
slowly,  with  very  little  tendency  towards  necrosis.  The  bacilli  were 
present  in  very  small  numbers  only. 

5.  The  swine  and  eat  cultures  are  to  be  classed  with  the  bovine,  the 
horse  culture  stands  intermediate. 

*  The  eyes  of  Sputum  rabbit  VII  were  affected  in  the  same  manner. 
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Gray  Mice.  White  mice  have  been  pronounced  quite  insusceptible  by 
Koch.  Of  5  inoculated  subcutaneously  with  a  culture  from  the  monkey, 
12  with  a  culture  from  miliary  tuberculosis,  only  one  of  the  first  set 
showed  a  few  grayish  nodules  in  the  lungs.  On  the  other  hand,  field- 
mice  were  found  quite  susceptible. 

Two  parallel  tests  were  made  upon  gray  liouse-mice  with  cultures  of 
Bovine  V  and  Sputum  VI.  At  the  time  control  inoculations  of  the 
suspensions  used  were  not  made  upon  guinea-pigs,  and  subsequent  devel¬ 
opments  made  it  doubtful  whether  Bovine  V  was  alive.  This  part  of  the 
experiment  is  therefore  omitted  from  the  table  given  below  and  a  later 
experiment  with  Bovine  VI  substituted.  The  suspension  used  in  this 
latter  test  was  employed  simultaneously  upon  2  guinea-pigs  and  a  rabbit 
with  the  usual  success. 

In  the  first  bovine  test  the  4  mice  inoculated,  2  subcutaneously  and  2 
into  the  abdomen,  all  died,  the  first  on  the  8th  and  fhe  last  on  the  37th 
day,  without  any  lesions  recognizable  with  the  naked  eye.  In  the  eases  of 
the  4  mice  inoculated  with  the  sputum  culture,  death  ensued  between  the 
8th  and  the  40th  day.  In  one  of  these  the  lungs  contained  a  number  of 
whitish,  rather  firm,  nodules,  1  to  2  mm.  in  diameter.  In  sections  these 
were  found  to  consist  of  completely  necrotic  foci,  enveloped  by  a  dense, 
broad  zone  of  pneumonic  infiltration,  within  whicli  all  alveoli  were  filled 
with  nuclear  debris.  A  striking  feature  were  the  immense  numbers  of 
rather  slender,  mainly  beaded  tubercle  bacilli,  which  occupied  not  only 
the  necrotic  centre,  but  in  equal  abundance  the  pneumonic  periphery. 
This  case  proved  the  vitality  of  the  sputum  culture,  and  the  test  is  there¬ 
fore  inserted  in  the  table  below. 


TABLE  IV.— Guay  Mice. 


Designation 
of  culture. 

Total  age 
of  culture. 

Number 
of  trans¬ 
fer. 

Age  of 
culture 
used. 

Dose  and  mode  of  injection. 

Besults. 

Sputum  VI 

^  5  mos.  ) 

'(  27  days. 

Otli 

24  days 

Mouse  1,  0..5  ce.  subeut. . . 

j  Dies  in  34  days,  no 
(  tuberculosis. 

“  2,  O.oee.  “ 

(  Dies  in  40  days,  no 
1  tuberculosis. 

“  3,  0.25  ec.  abdomen. 

(  Dies  in  8  days,  no 
’(  tuberculosis. 

1 

“  4,  0.2.5  ce.  “ 

j  Dies  in  34  days,  tuber- 
j  eles  in  lungs. 

r  “  5,  0.25  cc.  subeut. . 

Cliloroforined  in  37  days 

Bovine  VI 

^  2  mos.  ) 

(  18  days.  \ 

3rd 

i 

j  13  days 

I  “  (I,  0.25cc.  “ 

]  “  7,  0.25  cc.  abdomen 

Dies  in  5  days. 

1 

i 

[  “  8,  0.25CC.  “ 

“  “5  “ 
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The  second  bovine  test  resulted  in  the  death  of  the  two  mice  receiving 
the  dose  into  the  abdomen,  in  5  days.  There  were  no  lesions  recogniza¬ 
ble.  The  two  mice  inoculated  subcutaneously  were  active  up  to  the  37th 
day,  when  they  were  chloroformed.  Lesions  were  not  found. 

Pigeons.  Fowls  and  pigeons  have  been  used  with  success  in  distin¬ 
guishing  avian  from  mammalian  tubercle  bacilli.  Hence  it  was  thought 
best  to  test  human  and  bovine  bacilli  on  pigeons.  The  cultures  used  are 
given  below  in  the  table.  The  bacilli,  in  the  form  of  bouillon  suspen¬ 
sions,  were  injected  into  the  pleuro-peritoneal  cavity,  the  needle  being  in¬ 
troduced  caudad  of  the  sternum.  In  one  case  the  injection  was  made 
into  a  wing-vein.  The  inoculations  were  in  general  negative,  with  the 
possible  exception  of  that  of  the  swine  culture.  In  this  bird  there  was 
found  hy’perjemia  of  the  serosa  of  the  intestines,  with  an  eruption  of 
scattering,  mimite  grayish  dots.  There  were  similar  opaque  points  on 
the  air-sac  membranes.  On  the  duodenal  loop  were  found  some  particles 
of  viscid  exudate  composed  exclusively  of  coarsely  granular  cells.  In 
this  exudate  some  tiibercle  bacilli  were  still  recognized  by  the  specific 
stain.  In  some  of  the  other  pigeons  there  were  a  feAV  opacities  of  the 
mesenteries  and  air-sac  membranes,  Avith  perhaps  one  or  more  conspicu¬ 
ous  Peyer’s  patches.  Even  in  refractory  animals,  lesions  such  as  these 
might  be  anticipated  AA’here  the  tubercle  bacilli  are  deposited. 


TABLE  V. — Pigeons. 


Desiijna- 
tion  of 
culture. 

Total  aire  of 
cultu  re. 

N  umber 
of 

transfer. 

Asfe  of 
cultu  re 
used. 

Designa¬ 
tion  of 
piifeon. 

1 

1  Dose  anil  mode 

1  of  injection. 

1 

Remarks. 

Sput.  II 

0  nios.  14  (1. 

9th 

11  days 

No.  2 

:  1  cc.  abdomen. .  . 

i  Chioroformed  in  45  days: 
}  negative. 

“  III 

3  “  19  “ 

.5th 

11  “ 

u  4 

1  CC.  “ 

^  Chloroformed  in  57  days: 

/  negative. 

Bov.  II 

r,  “  2(1  “ 

9th 

11  “ 

“  1 

1  cc.  “ 

<  Chloroformed  in  49  days: 

t  negative. 

1  Chloroformed  in  57davs: 

Swine  I 

1  yr.  19 

l~th 

11  “ 

“  3 

1  cc.  “ 

1  minute  excrescences  on 

I  portions  of  intestine  and 

1  membranes  of  air-saes. 

Sput.  V. 

5  in  os. 

.5th 

31  “ 

“  5 

cc.  wing-vein. . 

j  Ciiloroformed  in  47  days: 

1  negative. 

Bov.  V 

j  8  iiios.  ( 

(  14  clays  ’( 

8th 

24  “ 

“  8 

1.5  cc.  abdomen.. 

<  Chloroformed  in  49  days: 
(  negative. 

Horse  I 

11  mos.  .5  d. 

11th 

12  “ 

“  7 

0.5  cc.  “ 

(  Chioroformed  in  50  davs: 

^  negative. 
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Cattle.  It  is  a  noteworthy  fact  that,  in  spite  of  the  great  economic, 
agricultural  and  hygienic  interests  involved  in  the  diffusion  of  bovine 
tuberculosis  throughout  the  world,  no  experiments  upon  cattle  with 
cultures  of  the  bovine  bacillus  had  been  made  up  to  the  time  of  my 
first  experiments,  published  in  the  Transactions  of  the  Association  of 
American  Physicians  for  1896.  Experiments  upon  cattle  with  the 
human  bacillus  had  been  made  by  several  observers.  A  discussion  of 
these  tests  I  shall  defer  to  the  end  of  this  article,  because  of  certain 
secondary  questions,  which  will  be  clearer  when  my  tests  have  been 
described. 

The  results  of  the  inoculation  of  two  heifers  into  the  lungs  with 
Bovine  culture  I  and  Nasua  culture  have  already  been  published.* 
It  may  be  stated  briefly  that  the  bo^dne  culture  produced  general 
tuberculosis,  ending  fatally  in  35  days,  while  the  Nasi;a  (human)  cul¬ 
ture  failed  to  produce  any  recognizable  lesions. 

Birring  the  ivarm  season  of  1897  inoculations  were  made  with  5 
sputum,  1  swine  and  4  bovine  cultures  upon  as  many  cattle.  Eor 
these  10  animals  I  am  indebted  to  the  Massachusetts  Board  of  Cattle 
Commissioners,  who  have  shown  much  interest  in  the  progi’ess  of  these 
investigations,  because  of  the  need  felt  by  them  of  more  definite  infor¬ 
mation  upon  the  relation  of  bovine  tuberculosis  to  the  human  disease. 
The  test  was  carried  out  in  two  series,  the  first  including  4,  the  second 
6  animals.  The  culture  material  used  was  suspended  in  bouillon,  as 
described,  the  density  of  the  suspension  being  about  the  same  as  that 
of  a  typhoid  culture  in  bouillon  24  hoars  old.  In  both  series  the  dose 
was  2  cc.  of  such  a  suspension. 

Series  I.  The  4  animals  of  this  series  were  inoculated  with  the  fol¬ 
lowing  cultures: 

Sputum  II,  total  age  .5  months  0  days  ;  8tli  transfer. 

Sputum  III  “  2  “1.5  “  4th  “ 

Bovine  II,  “  .5  “  2  “  5th  “ 

Swine  I,  “11  “  23  “  Kith  “ 

The  swine  culture  is  probably  bovine  in  origin,  and  it  was  used  on  this 
supposition.  Assuming  that  tubercle  bacilli  become  slowly  weakened 


*  Loc.  cit. 
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in  virulence  by  artificial  cultivation,  Ave  should  endeavor  to  use  cultures 
as  fresh  and  of  as  nearly  the  same  age  as  possible.  This  theoretical 
demand  cannot  be  successfully  met,  because  of  the  many  difficulties  sur¬ 
rounding  such  work.  Of  the  4  cultures  used.  Sputum  II  and  Bovine  II 
are  of  nearly  the  same  age,  while  Sputum  III  is  but  half  as  old  as  they, 
and  SAvine  I  more  than  twice  as  old. 

In  making  the  injection,  the  space  betAveen  the  6th  and  the  7th  rib 
Avas  chosen.  The  needle  Avas  inserted  about  3  inches  above  the  level 
of  the  elboAv  (olecranon  process).  It  Avas  found  subsequently,  at  the 
autopsy,  that  the  point  chosen  A\^as  too  loAvq  and  that  in  all  of  the  animals 
the  needle,  leaving  the  lungs  intact,  pierced  the  diaphragm.  Some  of 
the  bacilli  Avere  discharged  into  the  muscles  of  the  thoracic  wall,  some 
into  the  abdominal  cavity  and  some  into  the  pleural  cavity.  Bearing 
this  accident  in  mind,  Ave  may  now  go  to  a  description  of  the  further 
history  of  the  inoculated  cattle.  They  AV'ere  all  housed  in  a  spacious, 
well-ventilated  barn  in  large  commodious  horse  stalls.  A  piece  of  ground 
adjoining  the  barn  Avas  enclosed,  and  in  this  the  animals  spent  6  to  7 
hours  a  day  for  about  4  Aveeks.  Thereafter  the  animals  Avere  separated 
into  tAvo  lots,  one  lot  being  out  seA’eral  hours  in  the  morning,  the  other 
seA^eral  hours  in  the  afternoon.  The  tAvo  Avhich  received  the  bovine  and 
the  SAvine  culture  Avere  alloAved  to  run  together,  similarly  the  tAvo  Avhich 
received  the  sputum  cultures.  It  might  be  claimed  that  there  Avas  in 
this  arrangement  a  possible  danger  of  transmitting  the  bacilli  from  one 
animal  to  another  and  of  infecting  the  ground.  There  Avas  no  evidence 
of  this  at  the  post-mortem  examination,  and  the  arrangement  Avas  con¬ 
sidered  safe  at  the  start  because  it  takes  some  time  for  the  tuberculous 
tissue  to  become  disintegrated.  It  Avas,  hoAvever,  deemed  prudent  not  to 
keep  the  animals  longer  than  2  months,  on  account  of  the  imperfect 
isolation. 

In  apportioning  the  cultures  to  the  animals,  the  sputum  cultures  Avero 
injected  into  the  youngest  animals,  in  order  that  these  cultures  might 
have  any  advantage  likely  to  accrue  from  difference  in  age.  Tavo  year¬ 
lings  (Avithout  any  permanent  incisor  teeth)  received  the  tAvo  sputum 
cultures,  the  bovine  cidture  Avas  injected  into  a  heifer  about  2J  years  old, 
the  SAvine  culture  into  a  heifer  about  2  years  old. 

They  Avere  killed  and  examined  at  the  Brighton  (Boston)  abattoirs, 
Avith  the  co-operation  of  the  Board  of  Cattle  Commissioners,  just  two 
months  after  the  day  of  the  injection.  Before  injection,  these  animals 
had  been  tested  Avith  tuberculin  by  the  Board  and  found  free  from  tuber¬ 
culosis.  Still,  since  this  agent  occasionally  allows  an  animal  to  escape 
Avhich  contains  foci  of  the  disease,  attention  AA-^as  directed  to  this  point 
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at  the  autopsies.  Xo  lesion,  however.  Avas  fonnd  which  from  its  situation 
and  appearance  could  he  referred  to  any  former  spontaneous  infection. 

Let  us  examine  first  the  effect  of  Spntum  culture  II  and  Bovine  culture 
II,  Avhich  were  of  nearly  the  same  age  when  injected. 

The  weight  of  the  yearling  which  had  received  the  sputum  culture  had 
risen  in  the  hvo  months  from  520  to  580  Ihs.,  that  of  the  heifer  from 
650  to  710  Ihs.  There  Avas  no  continuous  fever  recognized  in  either 
animal,  though  the  temperatAire  Avas  taken  tAvice  a  day,  morning  and 
afternoon.  The  fluctuations  noticed  Avere  evidently  due  to  the  effect 
of  the  sun  AA'hile  the  animals  Avere  in  the  enclosure. 

The  lesions  in  the  yearling  were  very  slight.  At  the  seat  of  inoculation 
betAveen  the  Gth  and  7th  ribs  a  mass  of  tubercles  attached  to  pleura  about 
1  X  y,  inch  in  dimension,  the  tubercles  composing  it  partly  cheesy,  partly 
firm.  Near  the  cephalic  border  of  ventral  lobe  of  right  lung,  a  subpleural 
nodule,  not  yet  necrotic,  about  Vg  inch  in  diameter.  On  abdominal  aspect  of 
diaphragm,  right  side,  about  24  isolated  tubercles  ih'Vs  *nch  in  diameter. 
A  feAV  similar  tubercles  on  the  omentum,  Avhich  is  slightly  adherent  to  the 
large  intestine.  When  adhesion  Avas  removed,  about  G  or  7  nodules  found  on 
caecum  .j>.,  inch  in  diameter.  Evidently  the  injection  needle  had  passed 
through  the  diaphragm  into  abdomen,  depositing  some  fluid  there  and  some 
in  thorax  Avhen  partly  AvithdraAvn. 

The  lesions  in  the  heifer  Avhich  had  received  the  bovine  culture  Avere 
quite  extensive  and  Avere  diffused  through  thorax  and  abdomen,  owing 
to  the  penetration  of  the  diaphragm  by  the  needle  of  the  injection 
syringe: 

Thorax.  The  right  pleural  cavity  shOAVs  an  abundant  eruption  of  tubercles 
along  the  borders  of  the  ribs.  Some  of  the  masses  formed  are  characteristi¬ 
cally  flattish,  grape-like  and  in  bulk  quite  large.  One  mass  measured  x  3 
X  1'/.  inches.  Others  of  similar  dimensions  Avere  present.  On  the  lateral  mar¬ 
gin  of  the  right  lung  a  series  of  loosely  attached,  flattish  neoplasms  up  to  2 
inches  in  diameter,  besides  hypenomic  fringes  of  loose  connective  tissue. 
On  the  convex  surface  of  this  lung  only  a  feAV  tubercles.  Large  patches  of 
tubercles  on  pericardium  and  diaphragm. 

In  the  muscular  portion  of  diaphragm,  right  side,  a  mass  of  tuberculous 
tissue  (probably  place  Avhere  needle  penetrated)  lYj  x  x  %  inch  in  dimen¬ 
sion.  The  caudal  of  the  series  of  dorsal  mediastinal  glands  about  tAvlce 
normal  size  on  account  of  the  presence  of  many  small  foci,  shoAving  in  some 
cases  an  opaque,  yellowish  centre. 
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Abdomen.  The  omentum  densely  studded  with  agglomei'atlons  of  tubercles 
covering  the  greater  part  of  its  surface.  These  masses  vary  up  to  %  inch  in 
thickness.  Similar  patches  on  abdominal  aspect  of  diaphragm  and  on  spleen. 
Fewer  patches  on  gall-bladder  and  on  liver.  In  one  of  the  portal  glands  a 
i/4-inch  focus,  pale,  grayish,  permeated  with  small  calcareous  spicules. 

The  examination  of  sections  of  the  pleural  eruptions  and  of  one  of  the 
dorsal  mediastinal  glands  showed  the  typical  lesion  of  bovine  tubercu¬ 
losis,  with  its  foci  of  epithelioid  cells  and  its  numerous  giant  cells  con¬ 
taining  a  few  tubercle  bacilli.  Any  detailed  description  of  these  lesions 
would  be  simply  a  repetition  of  familiar  facts. 

We  have  in  these  cases  a  wide  divergence  in  the  result  of  inoculation. 
The  human  bacillus  produced  a  slight  eruption  of  small,  tubercle-like 
bodies,  which  did  not  present  even  microscopically  the  characters  of  true 
tubercles,  while  the  bovine  bacillus  produced  an  exquisite  case  of  pearly 
disease  both  in  thorax  and  abdomen,  with  the  formation  of  large,  grape¬ 
like  masses  in  the  chest. 

The  youngest  sputum  culture  (III)  was  injected  into  a  yearling  weigh¬ 
ing  410  lbs.  At  the  end  of  two  months  the  weight  had  risen  to  480  lbs. 
The  lesions  found  are  slight: 

On  the  abdominal  aspect  of  diaphragm,  right  side,  a  patch  of  isolated 
tubercles  about  2  inches  in  diameter,  the  tubercles  themselves  about  ^ 
inch  in  diameter  and  about  ^  inch  apart.  They  are  grayish,  opaque.  At 
place  of  inoculation,  on  serous  aspect  of  ribs,  a  flatfish  neoplasm  1  inch 
in  diameter  and  about  ^  inch  thick.  Other  lesions  not  detected.  In 
this  case  also  the  needle  evidently  entered  abdomen  through  diaphragm. 
Sections  made  from  the  small  isolated  tubercles  on  the  abdominal  surface 
of  the  diaphragm  show  them  to  be  masses  of  newdy  forming  tissue.  They 
consist  in  the  main  of  spindle-shaped  connective-tissue  cells  running  in 
parallel  and  interlacing  groups  and  riclily  supplied  with  vessels.  No 
trace  of  the  characteristic  tubercle  formation  or  of  bacilli,  although  these 
bodies  are  evidently  due  to  the  bacilli  injected. 

The  swine  culture  was  injected  into  a  somewhat  older  animal  weighing 
620  lbs.  After  two  months  the  weight  was  660  lbs.  The  autopsy  showed 
the  following  conditions: 

At  place  of  inoculation  (right  chest  wali)  a  subcutaneous  tumor  about  2 
inches  in  diameter,  made  up  of  a  very  dense  connective-tissue  sac,  Vi  Oich 
thick,  which  encloses  a  pale  yellowish  semifluid  mass  (caseous).  There  are 
besides  this  focus,  in  the  same  situation, 3  smaller  nodules  from  i/g  to  %  inch  in 
diameter,  the  largest  with  caseous  centre.  On  the  pleural  aspect  a  similar 
V^-iiich  centrally  softened  focus. 
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lu  nearly  the  centre  of  the  right  half  of  diaphragm  and  projecting  into 
abdomen  for  %  inch  is  a  tumor  representing  portion  of  a  larger  focus  in  the 
muscular  portion  of  the  diaphragm  about  1  inch  in  diameter.  This  focus  is 
likewise  caseous,  diffluent  centrally.  On  all  the  ribs  of  right  pleural  cavity 
are  eruptions  of  small  tubercles,  i-eaching  in  some  instances  a  diameter  of 
%  inch.  Besides  the  palpable  tubercles,  there  is  along  one  border  of  each  rib 
a  line  of  vascular  fringes  of  connective  tissue.  In  many  of  these  fringes 
tubercles  are  not  noticed,  although  the  fringes  themselves  are  evidently  a 
result  of  the  injection. 

Along  the  lateral  border  of  the  right  lung  similar  vascular  fringes  of  tissue 
containing  tubercles.  These  fringes  extend  dorsad  for  about  2  inches  on 
ventral  and  cephalic  iobes. 

Diffuse  eruption  of  minute  tubercles  on  pleural  aspect  of  diaphragm,  right 
half. 

Large  caudal  mediastinal  gland  contains  large  numbers  of  tubercles,  varying 
in  size  from  mere  points  to  those  i/g  inch  in  diameter  and  showing  beginning 
necrosis.  Left  bronchial  gland  several  times  normal  size.  Ventral  mediasti¬ 
nal  gland  several  times  normal  size  and  containing  several  large,  centrally 
caseous  foci.  One  mesenteric  gland  contains  several  small  necrotic  tubercles. 

In  this  case  many  of  the  bacilli  had  been  deposited  in  the  fleshy  portion 
of  the  diaphragm  and  some  ttnder  the  skin,  and  had  thus  been  prevented 
from  exerting  their  greatest  power.  Sections  were  made  of  the  sub¬ 
cutaneous  foci,  the  anterior  mediastinal  and  bronchial  lymph-glands  and 
of  the  vascular  fringes  on  the  pleural  aspect  of  the  diaphragm.  The 
glandular  and  subcutaneous  lesions  are  characteristically  tuberculous, 
with  a  greater  tendency  towards  necrosis  and  disintegration  of  the 
tubercles  than  in  the  animal  inoculated  with  Bovine  culture  II.  The 
lesions  of  the  serous  membranes  are  more  vascular  and  show  greater 
tendency  toward  the  formation  of  connective  tissue  around  the  minute 
tubercles.  In  general  this  culture  must  be  considered  less  potent  than 
the  bovine  culture.  Whether  this  is  due  to  the  more  prolonged  artifi¬ 
cial  cultivation  or  to  the  species  through  which  the  bacillus  had  passed 
remains  unsettled. 

Series  II.  In  this  experiment  three  sputum  and  three  bovine  cul¬ 
tures,  recently  isolated,  were  used.  The  bovine  cultures  were  of  nearly 
the  same  total  age.  The  sputum  cidturcs  differed  somewhat  from  them 
and  from  one  another  in  this  respect. 

Sputum  IV,  total  age  (i  mouths  10  clays,  7th  transfer. 


“  V, 

“  1  month 

lit  “ 

.8r(l 

“  VI, 

“  1  .  “ 

12  “ 

Srcl 

Bovine  III, 

“  4  montlis 

7  “ 

.5  th 

“  IV, 

11  4  ii 

8  “ 

.5th 

‘‘  V, 

11  4  u 

3  “ 

.5th 
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The  cultures  used  for  the  injection  were  all  9  days  old,  grown  on  the 
same  lot  of  dog’s  serum.  Control  inoculations  of  guinea-pigs  and  rabbits 
will  be  found  on  tables  II  and  III.  The  animals  at  my  disposal,  unfor¬ 
tunately,  varied  considerably  in  age,  and  in  assigning  the  cultures  the 
advantage  was  given  to  the  human  cultures: 


Sputum  IV,  yearling,  .52.5  lbs.,  no  permanent  incisor  teetb. 

Bovine  III,  “  bull,  645  lbs.,  no  permanent  incisor  teeth. 

Sputum  V,  cow,  675  lbs.,  about  4  years  old. 

Bovine  IV,  “  850  “  “  12  “ 

Sputum  VI,  cow,  865  lbs.,  about  9}4  years  old. 

Bovine  V,  “  875  “  “  6  “ 

The  injection  of  the  cultures  tvas  carried  out  as  in  Series  I,  except¬ 
ing  that  the  point  of  insertion  of  the  needle  was  chosen  higher  up,  about 
11  inches  above  the  elbow  of  the  animal  when  in  the  standing  position, 
between  the  7th  and  8th  ribs.  The  length  of  the  needles  used  tvas  about 
2  inches.  The  care  of  the  animals  was  the  same  as  that  bestowed  on  the 
preceding  lot,  excepting  that  the  bovine  and  the  sputum  animals  were 
kept  separate  in  the  out-door  enclosure  from  the  start,  the  one  lot  being 
out  in  the  morning,  the  other  in  the  afternoon.  They  were  kept  two 
months,  with  the  exception  of  the  young  bull,  which  died  17  days  after 
the  inoculation.  The  four  cows  of  this  lot  gave  at  the  start  altogether 
about  8  quarts  of  milk.  The  secretion  was  slowly  dried  up,  so  that  in  the 
sixth  week  a  very  little,  amounting  perhaps  to  one  quart  in  two  days, 
was  removed.  The  milking  5va3  continued  chiefly  to  prevent  any  udder 
troubles  during  the  experiment  and  to  maintain  normal  conditions. 
The  temperature  5vas  taken  but  once  a  day,  at  noon. 

In  comparing  the  temperature  records  of  these  6  animals  it  was 
noticed  that  the  three  animals  which  received  the  bovine  cultures  had  a 
high  temperature  immediately  after  the  inoculation,  which  lasted  until 
the  death  of  the  bull  and  about  three  weeks  for  the  remaining  two  ani¬ 
mals.  At  the  same  time  no  such  elevation  of  temperature  5vas  recorded 
for  the  animals  receiving  the  three  sputum  cultures.  There  was  but 
one  well-defined  rise  of  temperature  in  the  case  of  the  yearling,  from  the 
13th  to  the  16th  day  after  inoculation.  The  other  irregularities  are 
probably  due  to  the  fact  that  the  temperature  was  usually  taken  after 
these  animals  had  been  in  the  enclosure  in  the  sunshine  for  several  hours. 
Those  with  the  high  temperature  were  kept  much  of  the  time  in  the  cool 
barn  in  the  morning,  which  probably  depressed  the  fever  curve  some¬ 
what.  After  the  period  of  fever,  no  other  elevations  were  noted  up  to 
the  close  of  the  experiment. 
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The  young  bull,  inoculated  with  Bovine  culture  III,  showed  be¬ 
sides  the  prompt  onset  of  a  high  temperature,  general  and  local  dis¬ 
turbances  about  a  week  after  the  inoculation.  The  breathing  became 
rapid,  the  appetite  had  partly  gone.  Emaciation  and  weakness  super¬ 
vened.  He  was  unable  to  get  up  September  11,  and  died  the  following 
night. 

The  autopsy  revealed  a  severe  miliary  tuberculosis  of  both  lungs  with 
marked  congestion  and  oedema  of  the  organ.  Normal  collapse  no  longer 
possible.  The  associated  lymph-glands  were  much  enlarged  and  infil¬ 
trated  with  minute  tubercles.  Patches  of  minute  tubercles  Avere  found 
on  the  pleural  covering  of  ribs  and  on  the  omentum.  Sections  from  the 
lungs,  dorsal  mediastinal  glands,  pleural  neoplasms,  liver,  spleen  and 
kidneys  Avere  examined.  In  the  lungs,  mediastinal  glands  and  pleural 
neoplasms,  tubercles  Avere  very  numerous,  in  the  liver  less  abundant. 
In  the  kidney  sections  none  Avere  seen.  In  these  different  situations  the 
tubercles  presented  nearly  the  same  peculiar  features,  Avhich  distin¬ 
guished  them  readily  from  the  tubercles  of  the  spontaneous  disease  in 
cattle.  To  make  the  differences  clearer,  a  brief  description  of  the  lesions 
in  a  spontaneously  diseased  lymph-gland  may  not  be  out  of  place. 

A  rarefied  area  Avitliin  the  follicle  containing  a  fcAV  nuclei  having  the 
characters  of  endothelioid  nuclei  and  belonging  to  AA'hat  are  generally 
knoAvn  as  epithelioid  cells,  Avhich  are  imbedded  in  or  Avhose  outlines  are 
fused  Avith  a  matrix  appearing  either  homogeneous  or  else  veiw  delicately 
reticulated.  In  larger  foci  this  rarefied  area  contains  also  one  or  more 
giant  cells  Avhose  body  is  frequently  seen  merging  b}'  prolongations  into 
the  reticulated  matrix  of  the  tubercle.  Among  the  epithelioid  nuclei 
are  isolated  nuclei  closely  resembling  those  of  lymphoid  cells.  Tubercle 
bacilli  are,  as  a  rule,  scarce  and  situated  usually  Avithin  giant  colls.  The 
largest  foci  are  centrally  necrotic,  that  is,  they  contain  a  coarse  trabecular 
matrix  staining  Avith  eosin  and  picric  acid  and  containing  scarcely  any 
nuclei  and  very  little,  if  any,  fragments  of  nuclear  origin.  In  this  mass 
tubercle  bacilli  are  rarely  found.  In  the  lesions  of  the  bull  the  tubercles 
have  in  the  first  place  no  giant  cells.  The  ncAv  tissue  appears  to  be  made 
up  of  colls  resembling  the  usual  epithelioid  cells  of  tubercle,  but  much 
more  croAvded  together  and  Avith  less  definition  of  the  cell  outlines.  The 
nuclei  are  mostly  distorted,  draAvn  out,  band-like  or  horse-shoe-like,  and 
tAvisted  into  various  bizarre  forms.  Condensation  and  fragmentation  of 
the  nucleus  are  also  seen.  In  the  tubercles  in  all  situations  much  fibrin 
is  demonstrated  by  Weigert’s  stain.  This  is  especially  distinct  in  the 
liver  tubercles.  Here  the  intercellular  substance  from  material  har¬ 
dened  in  alcohol  stains  deeply  in  eosin.  In  sections  subjected  to  Wei- 
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gert’s  fibrin  stain,  this  substance  is  blue,  appearing  throughout  the 
tubercle  both  as  a  delicate  mesh  and  as  very  coarse  trabeculae.  In 
material  hardened  in  Zenker’s  fluid  the  fibrin  stain  is  less  pronounced. 
In  all  the  tubercles,  large  numbers  of  tubercle  bacilli  are  present.  These 
differences  are  probably  due  to  the  rapidity  of  the  process. 

On  October  27,  the  remaining  five  animals  were  killed  at  the  Brighton 
abattoirs,  with  the  co-operation  and  assistance  of  the  Board.  The  three 
sputum  animals  had  all  gained  in  weight: 

Yearlinjr  (Sputum  IV)  from  .52.5  to  010  lbs. 

Cow  (Sputum  V)  from  07.5  to  7.50  lbs. 

Cow  (Sputum  VI)  from  80.5  to  900  lbs. 

Sputum  culture  IV.  One  permanent  incisor  on  the  right  has  appeared  since 
date  of  inoculation.  In  utero  a  foetus  about  three  months  old.  At  point  of 
inoculation  in  the  subcutaneous  tissue  a  small  nodule  about  inch  in  diame- 
<^er  with  contents  soft,  cheesy.  Attached  to  this  is  another,  smaller  nodule 
about  %  inch  in  diameter. 

On  the  right  side  of  chest  wmll,  pleural  aspect,  there  are  attached  along  the 
six  caudal  ribs,  soft  dark  red,  pendulous  masses  of  newly-formed,  highly 
vascular  connective  tissue.  At  point  of  inoculation,  between  7th  and  8th 
ribs,  a  flattish  pediculated  mass  of  tissue  of  brownish  red  color.  On  the  10th 
rib  another  mass  about  %  inch  in  diameter.  The  left  side  of  thorax  is  normal. 

Right  lung.  On  the  smaller  (cephalic  and  ventral)  lobes,  newly  formed, 
delicate  fringes  of  hypersemic  connective  tissue,  which  appears  also  along  the 
free  lateral  margin  as  a  delicate  band  about  Vi  inch  broad,  as  well  as  on  a 
portion  of  the  convex  surface  of  the  lung,  occupying  exclusively  the  lines 
representing  the  boundaries  of  the  lobules. 

In  the  large  caudal  lobe,  which  is  similarly  beset  w'ith  the  vascular  fringes, 
a  tumor,  representing  the  place  where  needle  penetrated  the  lung  tissue, 
projecting  slightly  above  the  convex  surface,  is  found  two  inches  from  the 
caudal  tip.  This  tumor,  about  %  inch  in  diameter,  contained  a  completely 
disintegrated  mass  and  about  a  dozen  surrounding  foci,  to  Vs  inch  in 
diameter,  with  yellow  softened  centres.  On  the  margin  of  this  same  lobe,  in 
addition  to  the  vascidar  fringes,  are  four  firm  masses  of  grayish  tissue, 
smooth,  fiattish,  attached  by  pedicles  to  the  margin  of  the  lobe.  The  diame¬ 
ters  of  the  largest  are  V4  and  Vg  inch. 

On  large  (caudal)  lobe  of  left  lung  there  is  only  a  very  little  development 
of  vascular  fringes.  Imbedded  in  the  same  lobe  near  lateral  margin  is  a 
uniformly  grayish,  slightly  translucent  mass,  sharply  defined  from  the  envel¬ 
oping  normal  lung  tissue.  Sections  of  this  focus  showed  a  peculiar  lymphoid 
structure  of  the  tumor,  in  the  centre  of  which  a  parasite  was  lodged.  Not 
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having  any  relation  to  the  inoculation  disease,  it  need  not  be  further  dis¬ 
cussed. 

Attached  to  the  cephalic  lobe  of  the  left  lung  by  a  pedicle  is  a  small, 
flattish,  smooth  mass  of  new  tissue. 

The  pleural  aspect  of  diaphragm  and  portions  of  the  pericardium  are  cov¬ 
ered  with  areas  of  the  highly  vascular  neoplastic  tissue.  In  some,  small 
nodules  can  be  felt  at  the  free  extremity  of  this  tissue. 

On  the  right  ventricular  surface  of  the  heart  four  flattish,  pediculated 
masses  about  as  large  as  split  peas  are  attached. 

The  various  lymph-gland  systems,  ventral  and  dorsal  mediastinal  and 
bronchial  glands,  do  not  show  the  presence  of  tubercles  or  any  augmentation 
in  size. 

Of  this  case,  sections  of  the  primary  lung  focus,  of  two  of  the  pediculated 
bodies  (one  from  the  lung,  one  from  the  rib)  and  of  the  vascular  fringes  from 
the  lateral  border  of  the  lungs  were  examined. 

The  small  foci  immediately  bordering  the  disintegrated  primary  focus  vary 
from  0.2  to  2  mm.  in  diameter.  The  smallest  do  not  differ  essentially  from 
ordinary  tubercles,  excepting  in  the  scarcity  of  giant  cells.  The  larger  ones 
are  centrally  necrotic,  with  a  marked  tendency  towards  encapsuiation  on  the 
periphery  by  the  condensation  of  circularly  disposed,  fusiform,  connective- 
tissue  cells.  In  the  smallest  tubercles,  bacilli  are  scarce,  in  the  largest  they 
are  numerous  within  the  necrotic  centre,  where  they  appear  as  slender,  often 
bent,  sometimes  fragmented  and  rather  feebly  stained  rods.  In  the  suiTound- 
ing  epithelioid  zone  a  few  Avell-stained  bacilli  are  present.  Passing  from  the 
primary  place  of  deposit,  the  only  other  lesions  are  those  of  the  pleura.  These 
occur  in  two  forms,  as  vascular  fringes  and  as  firm,  smooth,  pediculated 
bodies,  some  flattish,  like  pumpkin  seeds  in  size  and  outline. 

The  vascular  fringes  occur:  1.  As  mere  endothelial  tubes;  2.  As  such  envel¬ 
oped  by  a  layer  of  wavy  fibrillar  tissue  and  covered  with  a  layer  of  endothe¬ 
lial  cells;  and  3.  As  vessels  sheathed  with  a  zone  of  round  celis,  proliferating 
endothelial  and  connective-tissue  cells  in  addition  to  the  fibrillar  tissue. 
Acidophlle,  polymorphous  leucocytes  are  present  here  and  there  throughout 
the  granulation  tissue.  Mitoses  are  occasionally  seen.  After  a  prolonged 
search  through  7  sections,  one  minute  rarefied  area  is  detected.  In  it  evi¬ 
dently  a  tubercle  bacillus  with  long  axis  nearly  at  right  angles  to  the  section. 

The  vascular  fringes  from  the  thoracic  aspect  of  the  diaphragm  are  like 
those  from  the  lungs.  In  the  former  no  signs  of  tubercle  formation. 

Sections  from  one  of  the  neoplasms  attached  to  the  ribs  show  two  fairly 
distinct  regions,  an  outer  of  dense  connective  tissue  and  an  inner  made  up 
of  foci  of  lymphoid  elements  and  a  central  necrotic  core.  This  latter  body 
was  evidently  a  vascular  offshoot  of  the  pleura,  which,  before  necrosis,  had 
attached  to  or  im1»edded  in  it  many  lymphoid  cells,  for  the  necrotic  core  con¬ 
tains  much  nuclear  matter  traceable  to  such  cells.  This  core  is  partly  envel- 
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opod  by  a  ring  of  epitheliod  cells  with  nucleus  at  the  outer  free  end,  like 
those  around  a  foreign  body.  Some  are  nniltinuclear  and  resemble  giant  cells. 
In  the  zone  immediately  outside  of  this  cellular  ring  are  several  characteristic 
giant  cells.  There  are  no  tubercle  bacilli,  nor  is  there  any  tissue  recognizable 
as  epithelioid  and  identifiable  as  tubercle. 

Sputum  culture  V.  Cow  about  4  years  old.  In  utero  a  fiutus  3  to  4 
months  old. 

Development  of  vascular  fringes  along  one  border  of  ribs  of  the  right  side 
of  thorax  as  in  preceding  case,  but  amount  relatively  slight.  In  the  inter¬ 
costal  muscles  at  the  point  of  inoculation  a  mass  of  perhaps  a  dozen  small 
grayish  tubercles. 

In  the  large  caudal  lobe  of  the  right  lung,  in  the  same  situation  as  in  preced¬ 
ing  case,  a  projecting  tumor  about  1  inch  in  diameter.  When  incised  it  is 
found  composed  of  two  i/g-iuch  foci  of  disintegrated,  cheesy-viscid  matter 
enclosed  in  thin,  smooth  capsules.  No  surrounding  infiltration.  Along  the 
margin  and  on  the  caudal  surface  of  this  lobe,  slight  development  of  pendu¬ 
lous  vascular  tissue  and  a  sessile  tubercle  about  4  mm.  in  diameter.  On  the 
left  caudal  lobe  only  very  slight  production  of  vascular  tissue. 

On  the  surface  of  one  of  the  middle  dorsal  mediastinal  glands  an  aggrega¬ 
tion  of  minute  tubercles,  the  whole  about  y,  inch  in  diameter.  Imbedded  in 
the  cortex  of  the  same  gland  two  minute  tubercles. 

In  this  animal  the  disease  of  the  middle  mediastinal  gland,  although  very 
slight,  is  shown  iu  sections  to  be  tuberculosis.  The  lesions  are  not  to  be 
distinguished  from  those  of  the  spontaneous  disease  in  cattle,  excepting  in 
the  presence  of  considerable  numbers  of  tubercle  bacilli.  The  tubercles  them¬ 
selves  contain  the  usual  number  of  giant  cells,  and  the  largest  ones  are 
eentrallj’  necrotic,  the  necrosed  mass  being  indistinctly  fibrillar  in  character, 
staining  deeply  with  eosin  and  devoid  of  nuclear  debris.  The  bacilli  iu  this 
mass  stain  rather  feebly  when  compared  with  the  deep  stain  of  those  iu 
the  giant  cells  on  the  periphery  of  the  tubercle.  This  lesion  will  be  again 
referred  to  in  summing  up  the  experiments. 

Cow  (Sputum  culture  VI).  In  utero  a  fojtus  about  four  months  old. 

Within  the  thorax  on  the  right  side,  between  the  7th  and  Sth  ribs,  is  a  small, 
pediculated.  blackish  (haemorrhagic)  mass  of  firm  tissue  about  as  large  as  a 
pumpkin  seed,  another  on  the  10th  rib.  On  most  of  the  ribs  behind  the  7th 
are  gelatinous-looking  pendulous  vascular  fringes  of  neoplastic  tissue.  On 
the  pleural  surface  of  the  diaphragm  a  similar  development  of  vascular 
tissue  and  several  firm,  pediculated  masses  like  those  on  ribs. 

Of  the  right  lung  the  cephalic  lobe  shows  very  slight  formation  of  marginal 
fringes.  In  the  ventral  lobe  whose  tip  is  adherent  to  the  pericardial  fat,  a 
uniformly  grayish,  sharply  defined  focus  14  inch  in  diameter. 
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In  the  same  situation  as  in  the  preceding  cases  the  caudal  lobe  shows  a 
slightly  projecting  tumor  about  1%  inches  in  diameter  externally.  When  in¬ 
cised  it  is  found  to  consist  of  a  smooth-walled  sac  ly^  inches  in  diameter,  con¬ 
taining  a  yellowish  curdy  mass,  together  with  a  little  turbid  fluid.  No  sur¬ 
rounding  infiltration.  On  the  convex  surface  of  this  lobe  there  is  a  slight 
growth  of  vascular  tissue.  Near  the  caudal  tip  a  flattisli  mass,  partly  yellow¬ 
ish.  partly  blackish,  attached  by  loose  tissue  to  the  margin  of  the  lobe.  It  is 
about  1  inch  long  and  %  inch  thick. 

In  the  abdomen,  a  flattisli,  sessile  mass  of  pinkish-gray  tissue  about  %  inch 
in  its  longest  diameter,  attached  to  omentum. 

Ill  this  animal,  sections  of  the  grayish  focus  in  the  ventral  lobe  of 
the  right  lung  and  of  the  suspicious  sessile  mass  on  the  omentum  demon¬ 
strate  the  fact  that  both  lesions  are  jiarasitic  in  origin  and  due  to  the 
same  cause  as  the  lung  focus  in  cow  inoculated  with  Sputum  lY.  Both 
foci  are  made  up  of  spherical  agglomerations  of  lymphoid  cells,  in  the 
centre  of  which  the  parasite  is  situated. 

The  largest  of  the  pendulous  masses  from  the  lungs  was  examined 
microscopically  and  found  to  he  similar  in  structure  to  those  already 
described.  It  consists  chiefly  of  a  connective-tissue  stroma  of  interlacing 
fibres  in  which  are  imbedded  many  capillaries.  Scattered  through  the 
inner  half  of  the  mass  are  quite  small  foci  of  epithelioid  and  lymphoid 
cells,  hut  giant  cells  are  absent.  In  those  foci,  a  few  tubercle  bacilli  are 
found.  The  periphery  of  this  pendulous  mass  consists  of  circularly  con¬ 
densed  connective  tissue,  beneath  which  is  a  homogeneous,  somewhat 
reticulated  substance,  staining  well  with  eosin  and  enclosing  a  few  tuber¬ 
cle  bacilli.  It  is  probably  a  layer  of  fibrin  undergoing  hyaline  degenera¬ 
tion.  Small  areas  of  it  are  still  stainable  with  Weigert’s  fibrin  stain. 

Of  the  three  animals  receiving  bovine  tubercle  cultures,  the  fate  of  one 
(young  hull  No.  71)  has  already  been  given.  The  two  other  cases  re¬ 
mained  stationary  in  weight: 

No.  88 — original  weight  850  lbs.;  weight  at  end  of  experiment  850  Ihs. 

No.  63 — original  weight  875  lbs.;  weight  at  end  of  experiment  870  lbs. 

The  autopsy  notes  are  in  brief  as  follows: 

No.  03  (Bovine  culture  V).  White  cow,  spotted  with  red.  Horns  sawed  off. 
Probably  six  years  old.  Foetus  in  utero  about  two  months  old. 

Thorax.  Right  lung  adherent  to  chest  wall  in  several  places.  At  point  of 
inoculation,  between  7th  and  8th  ribs,  an  excrescence  of  the  costal  pleura 
about  %  inch  in  diameter,  of  dense,  pearly-looking  connective  tissue  enclos¬ 
ing  a  disintegrated  mass.  Numerous  masses  and  aggregations  of  small  tuber¬ 
cles  on  all  ribs.  These  masses  in  some  cases  are  several  inches  in  length. 
The  left  side  of  thoracic  wall,  below  the  level  of  the  point  of  inoculation  on 
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the  opposite  side,  is  covered  with  a  uniform,  pinkish-gray  deposit  of  very 
minute  tubercles.  Eruptions  of  tubercles  on  pleural  surface  of  diaphragm 
and  on  pleural  covering  of  dorsal  mediastinal  space. 

On  caudal  lobe  of  right  lung  a  considerable  number  of  tubercular  masses, 
flattish,  sessile,  from  Vs  to  %  inch  in  diameter.  Between  the  cephalo-lateral 
border  of  this  lobe  and  the  pericardium  is  a  mass  of  newly  formed  tissue, 
dense,  in  which  are  imbedded  many  minute  yellow  tubercles  and  masses  of 
pericardial  fat.  The  whole  is  about  as  large  as  a  fist.  It  binds  the  lung 
tissue,  pericardium  and  diaphragm  together.  Many  tubercles  on  the  caudal 
surface  of  this  same  lobe.  There  is  no  distinct  focus  in  this  lobe  as  a  result 
of  the  injection,  and  it  is  probable  that  much  of  the  fiuid  was  deposited  in  • 

the  pleural  cavity.  But  palpation  reveals  throughout  both  lungs  small  shot¬ 
like  bodies  in  close  proximity.  On  section  numerous  yellow  tubercles  from 
32  to  inch  in  diameter  are  found  imbedded  in  the  lung  tissue  of  all 
lobes. 

The  dorsal  mediastinal  lymph-glands  are  all  several  times  their  normal 
dimensions.  They  contain  many  coalescing  yellow  tubercles.  The  ventral 
(anterior)  mediastinal  glands  are  similarly  enlarged  and  the  cut  surface 
shows  a  uniformly  cheesy  parenchyma. 

Minute  grayish  points  under  the  capsule  of  the  liver. 

In  the  spleen,  all  Malpighian  bodies  converted  into  tubercles  with  yellow 
opaque  centre.  In  left  kidney  several  minute  grayish  tubercles. 

Of  this  case,  sections  of  the  left  lung,  left  costal  pleura,  the  large  caudal 
mediastinal  gland  and  the  spleen  were  examined. 

The  tubercles  from  the  lungs  do  not  differ  from  those  found  in  spontaneous 
tuberculosis.  The  centre  is  as  .a  rule  necrotic  and  c'ontains  a  few  tubercle 
bacilli.  Outside  of  this  is  a  zone  of  nuclear  fragments  and  entire  nuclei,  shad¬ 
ing  off  into  a  peripheral  zone  of  epithelioid  and  lymphoid  cells  and  cells  with 
spindle-shaped  nuclei.  Giant  cells  are  present  in  nearly  all  the  tubercles. 

The  new  groAvth  on  the  left  side  of  the  thorax  consists  essentially  of  newly 
formed  vascular  fringes,  in  which  are  imbedded  minute  tubercles  with  scarce 
bacilli  and  occasional  giant  cells. 

In  the  caudal  mediastinal  gland  the  tubercles  vary  from  a  mere  giant  cell 
to  those  2  mm.  in  diameter  and  centrally  necrosed.  The  latter  are  like  those 
in  the  lung  tissue.  The  bacilli  in  some  necrotic  foci  are  numerous,  in  others 
few  in  number. 

In  the  spleen  the  follicles  contain  epithelioid  cell  foci,  some  of  which  are 
centrally  necrosed  and  which  contain  many  bacilli. 

No.  88  (Bovine  culture  IV).  Red  and  white  cow.  Teeth  vei^j'  much  worn, 
probably  12  years  old,  dehorned.  Not  pregnant. 

No  deposit  in  subcutis  at  point  of  inoculation.  The  eruptions  of  tubercles 
on  the  costal  pleura  of  the  right  and  the  left  side  are  in  character  very  much 
like  those  of  the  preceding  case  (No.  03),  but  less  extensive. 
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Right  lung.  Lobes  adhereut  to  pericardium.  Adhesions  readily  severed. 
On  convex  surface  of  the  caudal  lobe  of  this  side  a  considerable  number  of 
flatfish  sessile  tubercles  from  to  y..  incli  broad.  The  caudal  aspect  of 

this  lobe  is  similarly  beset  with  them,  but  in  less  abundance.  Along  the 
margin  of  this  lobe  are  loosely  attached,  small,  elongated  masses  of  tubercles. 

At  the  same  situation  m  this  lobe  as  in  the  sputum  cases,  there  is  a  fluc¬ 
tuating  tumor,  about  two  inches  in  diameter,  slightly  projecting.  It  consists 
of  a  capsule  with  nearly  smooth  walls  enclosing  a  soft  caseous  mass.  It  is 
surrounded  by  a  zone  of  small  necrotic  tubercles  and  with  lobules  containing 
numerous  minute,  grayish  foci. 

On  the  cephalic  lobe  of  the  right  lung  are  a  considerable  number  of  grayish 
tubercles.  Throughout  all  lobes  are  scattei’ing  tubercles  in  the  lung  tissue, 
some  very  minute,  others  larger  and  opaque,  yellowish  in  color. 

The  pleura  in  the  dorsal  mediastinal  space  is  beset  with  a  large  number 
of  small  tubercles;  similarly  the  pericardium.  The  right  half  of  the  dia¬ 
phragm  is  beset  Avith  flattened  aggregations  of  tubercles.  Between  the  ven¬ 
tral  lobe  of  the  right  lung  and  the  pericardium,  and  fastening  them  together, 
is  a  mass  of  newly  formed  connective  tissue  and  fat  enclosing  numerous 
softened  foci. 

The  large  dorsal  mediastinal  lymph  gland  Is  enlarged  and  contains  a  large 
number  of  yellow  tubercles.  The  central  portion  of  the  gland  is  uniformly 
caseous.  In  the  left  bronchial  gland  a  small  number  of  tubei’cles;  in  the 
ventral  mediastinal  glands  a  considerable  number.  Organs  of  the  abdomen 
appear  free  from  tuberculous  changes.  Of  this  case  only  the  tubex’cles  dis¬ 
seminated  through  the  lungs  were  examined  microscopically.  For  this  pur¬ 
pose  the  left  lung  was  chosen.  'ITie  tubercles  are  small,  compact  up  to  1  mm. 
in  diameter.  In  structure  tlie.v  are  indistinguishable  from  the  spontaneous 
bovine  tubercles.  The  bacilli  in  them  are  few  in  number,  rather  short,  thick 
and  deeply  stained. 

A  stimmary  of  the  outeoine  of  this  last  experiment  may  now  be 
made.  The  points  of  difference  between  the  inoculation  disease  pro¬ 
duced  by  bovine  and  by  human  (sputum)  bacilli  are  several. 

1.  The  bovine  cases  either  remained  stationary  in  weight  or  lost 
slightly,  while  the  sputum  cast's  gained  75  to  85  pounds.  Still,  the 
age  of  one  of  the  bovine  cases  may  be  partly  responsible  for  stationary 
weight. 

2.  There  was  marked  fever  in  the  bovine  cases  for  three  weeks 
after  the  inoculation ;  practically  none  in  the  sputum  cases. 

d.  d'liere  were  well-marked  ditfcrences  in  the  lesions  produced, 
lu  the  sputum  cases  the  lesions  are  nearly  the  same  and  consist  in; 
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(а)  A  tumor  in  the  right  caudal  lobe  of  the  lung,  about  1  inch  in 
diameter,  projecting  somewhat  above  the  surface  of  the  lung.  This 
represents  the  place  where  the  needle  penetrated  into  the  lung  tissue 
and  deposited  the  tubercle  bacilli.  In  each  case  the  contents  of  this 
tumor  were  softened  and  converted  into  a  curdy  mass,  enclosed  in  a 
thin-walled  capsule,  smooth  internally.  The  disease  was  not  spread¬ 
ing  from  this  point  nor  were  tubercles  visible  in  the  lymph  glands  of 
the  lungs  and  thorax,  excepting  in  one  gland  of  JIo.  39  (Sputum  V). 

(б)  The  free  margin  of  the  right  lung  and  the  pleural  covering 
of  the  ribs  on  the  right  side  were  beset  with  a  new  formation  of  loose 
vascular  fringes  or  shreds  in  which  in  only  one  case  some  minute 
nodules  could  be  felt,  and  some  flattish,  pediculated  masses,  which  did 
not  resemble  tubercles  at  all  histologically,  or  which  were  only  abor¬ 
tive  forms  of  the  same. 

Among  the  bovine  cases  we  have  the  following  characteristic  points 
to  note: 

(a)  Disseminated  tuberculosis  of  the  lungs,  severest  and  fatal  in 
Xo.  71,  the  youngest;  least  pronounced  in  the  oldest,  Xo.  88.  Asso¬ 
ciated  with  this  a  local  disintegrated  focus  in  the  lungs  of  Xo.  88. 

(b)  Tubercular  deposits  on  lungs,  pericardium,  diaphragm  and  the 
ribs,  resembling  closely  the  product  of  the  natural  disease  in  cattle. 
Extension  of  the  eruption  to  the  costal  pleura  of  the  left  side. 

(c)  Extensive  tuberculosis  of  all  or  nearly  all  the  lymph  glands  of 
the  thorax,  including  both  mediastinal  chains. 

{d)  Slight  tuberculosis  of  other  organs,  spleen,  liver,  kidney,  in 
two  out  of  three  cases. 

A  summary  of  the  three  separate  tests  on  cattle  (including  the 
published  experiment),  in  which  twelve  animals  were  used,  shows  that 
6  animals  were  inoculated  with  human  bacilli,  5  with  bovine  bacilli;  1 
animal  was  inoculated  with  swine  bacilli. 

Of  the  sputum  cases,  1  showed  no  disease;  2  showed  very  slight 
lesions;  3  showed  only  local  lesions  without  dissemination. 

Of  the  bovine  cases,  2  died  of  generalized  disease;  2  showed  exten¬ 
sive  lesions ;  1  showed  less  extensive  lesions. 

In  the  swine  case  the  lesions  Avere  less  extensive  than  in  the  bovine 


cases. 


TABLE  VI _ Cattle. 
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ON  THE  SIGNIFICANCE  OF  VARIETIES  AMONG  TUBERCLE  BACILLI. 

Tlie  foregoing  experiments,  while  they  show  unmistakably  the 
close  relationship  existing  among  the  Tarions  cultures  studied,  never¬ 
theless  justify  us,  if  only  to  guide  and  stimulate  further  study,  in 
establishing  a  distinctively  human  or  sputum  and  a  bovine  variety 
of  the  tubercle  bacillus.  It  might  be  better  to  omit  the  host  desig¬ 
nation  of  such  varieties,  in  order  to  anticipate  assumptions  that  they 
are  necessarily  limited  to  the  host  whose  name  they  bear.  Still,  the 
convenience  of  using  the  host’s  name  is  so  great  that  I  shall  succumb 
to  it.  The  characters  upon  which  the  bovine  variety  may  be  based 
reside,  morphologically,  in  the  invariably  short,  straight  form  and 
in  the  gi’eater  resistance  of  this  form  to  modifying  influences  of  cul¬ 
ture-media  ;  biologically,  in  a  greater  resistance  to  artificial  cultivation 
and  in  a  much  greater  pathogenic  activity  towards  rabbits,  guinea- 
pigs  and  cattle. 

There  is  proof,  furthermore,  of  the  existence  of  slightly  varying 
characters  even  within  the  varieties  proposed.  Among  the  bovine 
forms  studied,  slight  variations  in  virulence  were  noticeable.  Among 
the  sputum  forms,  variations  in  size,  in  capacity  for  cultivation,  and  in 
pathogenic  activity  have  been  obseiwed.  The  differences  between 
Sputum  culture  I,  on  the  one  hand,  and  Sputum  cultures  II  to  VII,  on 
the  other,  are  quite  pronounced.  In  spite  of  these  variations,  mam¬ 
malian  tubercle  bacilli  may  still  be  considered  as  forming  a  fairly 
compact  group  when  compared  with  the  tubercle  bacilli  of  birds, 
which  are  but  slightly  virulent  towards  the  guinea-pig,  so  susceptible 
to  the  mammalian  type.* 

In  regard  to  the  bovine  and  the  sputum  varieties,  I  have,  in  a  former 
pajier,  pointed  out  certain  differences  of  behavior  in  the  body  which 
may  be  of  considerable  signiticance  in  explaining  their  divergent  chaf- 
actere.  In  an  organism  like  the  human  body,  manifesting  a  certain 
amount  of  resistance  to  the  tubercle  bacillus,  the  sputum  type  multi¬ 
plies  only  to  a  limited  extent,  unless  it  can  produce  dead  tissue  or  gain 

*I  liiive,  unfortunately,  been  unable  to  study  avian  bacilli  in  connection 
with  the  series  of  this  article,  because  opportunities  for  making  cultures 
from  fowls  were  wanting.  The  study  of  cultures  of  unknown  or  indefinite 
history  I  have  not  regarded  as  likely  to  yield  trustworthy  evidence. 
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an  exit  upon  mucous  membranes  secreting  pathological  products, 
where  it  seems  to  flourish  as  a  saprophyte.  Similar  conditions  are 
now  and  then  observed  in  animals  inoculated  with  human  bacilli. 
Immense  numbers  of  bacilli  are  occasionally  found  in  necrotic  foci, 
but  very  few  in  the  surrounding  zone  of  living  tissue.  In  the  many 
sections  examined  recently,  the  necrotic  foci  were  the  ones  in  which 
human  bacilli  were  to  be  found,  if  detected  at  all.  The  bovine  type  dif¬ 
fers  from  the  former  in  a  far  less  saprophytic  growth.  In  the  pathologi¬ 
cal  secretions  and  in  the  caseous  masses  the  bacilli  are  relatively  scarce. 
This  difference  may  be  a  result  of  their  adaptation  to  the  bovine  body, 
in  which  cavities  of  the  lungs  and  catarrh  of  the  air  tubes  are  far  less 
common.  In  other  words,  certain  differences  in  the  type  of  reaction 
tend  in  the  one  case  to  make  the  human  bacillus  more  saprophytic, 
the  bovine  more  parasitic. 

Coming  to  the  more  practical  aspect  of  this  subject,  we  may  present, 
in  yiew  of  the  relationship  between  the  bovine  and  the  sputum 
variety  of  the  tubercle  bacillus,  two  propositions  for  discussion: 

1.  The  sputum  bacillus  is  incapable  of  finding  a  foothold  in  the 
bovine  body. 

2.  The  bovine  bacillus  may  pass  to  the  human  subject,  owing  to 
its  higher  pathogenic  power. 

The  transmission  of  human  tuberculosis  to  cattle  has  been  experi¬ 
mentally  essayed  by  Bollinger,  Crookshank,  Baumgarten,  Sidney  Martin, 
the  writer  and  Frothingham. 

Bollinger*  reported  in  1894  an  experiment  performed  in  1879.  A 
calf  three  months  old  was  inoculated  into  the  peritoneal  cavity  wdth 
fluid  from  a  tuberculous  human  lung.  The  calf  was  killed  in  7  months. 
On  the  mesentery  and  the  peritoneal  covering  of  the  spleen  there  were 
found  pediculated  tumors  from  the  size  of  a  pea  to  that  of  a  walnut. 
The  microscopic  appearance  corresponded  completely  with  that  of  the 
s])ontaneous  pearly  disease  of  cattle.  The  retroperitoneal  and  mesenteric 
glands  were  tuberculous.  All  others  were  normal.  The  little  drawing 
which  Bollinger  published  with  the  article  gives  one  the  impression  of 
smooth,  roundish  tumors  similar  to  those  I  have  described  as  resulting 
from  the  injection  of  Sputum  cultures  IV  and  VI.  They  have  not  the 

*  Muncliener  med.  Wochenschr.,  1894,  No.  5. 
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nodulated  appearance  presented  by  the  spontaneous  eruptions  or  those 
produced  by  bovine  cultures. 

Crookshank  *  injected  sputum  containing  numerous  tubercle  bacilli 
into  the  peritoneal  cavity  of  a  calf.  The  calf  died  after  a  prolonged  ill¬ 
ness  on  the  42nd  day. 

Extensive  lesions  were  discovered  at  the  post-mortem  examination.  The 
mesentery  was  adherent  to  the  rumen;  the  liver  was  adherent  to  the  dia¬ 
phragm.  There  was  extensive  tubercular  deposit  at  the  seat  of  inoculation 
and  an  abscess  the  size  of  a  Avalnut.  Extending  over  the  mesentery  from  this 
point  there  were  hundreds  of  wartiike,  fleshy  new  growths,  some  quite  irre¬ 
gular  in  form,  others  spherical  or  button-shaped.  There  were  similar  de¬ 
posits  on  the  under  surface  of  the  liver,  on  the  spleen,  in  the  gastro-splenic 
omentum  and  on  the  peritoneal  surface  of  the  diaphragm.  The  spleen  was 
adherent  to  the  rumen,  and  on  dissecting  away  the  adhesions,  another  abscess 
was  opened.  On  the  under  surface  of  the  liver  was  a  third  abscess  about  the 
size  of  one’s  fist,  which  burrowed  in  the  depth  of  the  liver  substance. 

On  microscopic  examination,  extremely  minute  tubercles  were  found  dis¬ 
seminated  throughout  the  lungs  and  liver.  Tubercle  bacilli  were  found  in 
these  organs  and  in  the  peritoneal  deposits.  The  pus  from  the  liver  abscess 
contained  streptococci.  The  calf  died  of  pymmia,  a  result  to  be  anticipated 
if  sputum  be  employed  for  inoculation,  but  sufficient  time  had  elapsed  for 
pronounced  local  infection  leading  to  acute  miliary  tuberculosis. 

I  quote  this  experiment  more  fully  so  that  it  may  discredit  itself  as 
a  means  of  deciding  whether  sputum  can  produce  general  miliary  tuber¬ 
culosis  in  cattle.  We  know  as  yet  too  little  of  the  influence  of  con¬ 
current  infections  to  place  any  reliance  upon  the  outcome  of  this  experi¬ 
ment  as  a  demonstration  of  the  transmissibility  of  human  bacilli  to  cattle. 

Bafimgarten  f  briefly  mentions  an  experiment  in  which  human  bacilli 
in  cultures  had  but  little  local  effect  after  intraocular  inoculation  upon  a 
calf.  l\[aterial  from  a  bovine  pearly  nodule  produced  typical  local  and 
general  miliary  tuberculosis  in  another  calf. 

Sidney  klartin  X  fed  one  kilogram  of  tifberculous  material  from  a  cow 
to  4  calves  at  one  meal  with  their  food.  AVithin  4  weeks  tubercles  were 
found  in  the  Peyer’s  patches,  mesenteric  and  bronchial  glands  and  in 
the  lungs  of  one  animal.  After  8  weeks,  another  calf  ]u-esented  the 
same  lesions  plus  tuberculosis  of  the  posterior  mediastinal  and  the  cer- 

*  Trans.  Pathol.  Soc.,  London,  1891,  332. 

t  Jahrcshcricht  for  1891,  footnote,  666. 

%  Report  of  the  Royal  Commission  on  Tuberculosis.  189.5.  Appendix,  p.  18. 


500  Study  of  Bovine  and  Human  Bacilli  from  Sputum 

vical  glands.  The  third  calf,  killed  after  13  weeks,  showed  ulceration 
of  the  small  intestine  and  caecum  and  lesions  of  the  pleura,  besides  those 
mentioned  above.  The  fourth  calf,  killed  after  37  weeks,  had  tubercu¬ 
losis  of  the  pleura  in  addition  to  that  of  the  various  lymph  glands  already 
mentioned. 

Four  calves  were  fed  at  one  meal  with  70  cc.  of  sputum  containing  a 
large  number  of  tubercle  bacilli.  Three  calves,  killed  after  4,  8  and  13 
weeks  respectively,  had  53,  63  and  13  nodules  respectively  in  the  small 
intestines,  chiefly  in  Peyer’s  patches.  In  the  fourth  calf,  killed  after  33 
weeks,  no  lesions  were  found. 

Two  calves  received  at  one  feeding  440  cc.  of  sputum,  containing  a 
large  number  of  tubercle  bacilli.  In  one  calf,  killed  in  8  weeks,  13 
tuberculous  nodules  were  found  in  the  intestine.  The  mesenteric  glands 
were  also  affected.  The  other  calf,  killed  in  19  weeks,  was  found  without 
any  lesions. 

The  author  infers  from  these  experiments  that  “  in  the  case  of  tuber¬ 
culous  sputiim  we  are  dealing  with  material  which  is  less  infective  to 
calves  than  bovine  tuberculous  material.'*’ 

Frothingham  *  carried  out  some  experiments  of  a  similar  character  for 
the  Mass.  Cattle  Commission.  A  culture  of  human  bacilli  was  used, 
isolated  from  the  liver  of  a  child  and  about  1  year  old.  Two  calves,  3 
months  and  3  weeks  old  respectively,  received  suspensions  of  the  culture 
into  the  peritoneal  cavity.  In  both  only  slight  local  nodules  were  pro¬ 
duced,  some  resembling  spontaneous  tuliercle,  others  tending  towards 
granulation  tissue.  Tm'o  calves,  3  weeks  and  2  months  old  respectively, 
M  ere  inoculated  into  the  trachea.  In  one  case  the  large  local  abscess  in 
tbe  muscles  of  the  neck  indicated  a  deposit  there  of  much  of  the  ma¬ 
terial  destined  for  the  hings.  In  the  liver  and  lungs  a  small  number  of 
minute  tubercles,  devoid  of  tubercle  bacilli.  M-ere  found.  In  tbe  other 
calf  lesions  M'ere  absent.  Tims,  in  spite  of  the  immature  age  of  these 
animals,  the  tul)ercle  bacillus  may  be  said  to  have  had  Init  a  trifling 
local  effect  on  tbem.  The  tests  on  guinea-pigs  indicate  a  very  attenuated 
culture.  Three  additional  calves  inoculated  subcutaneously  Mutb  spu¬ 
tum  containing  many  tubercle  bacilli  shouted  lesions  equally  slight. 

The  defect  of  most  of  these  tests  is  the  absence  of  parallel  experi¬ 
ments  M'ith  bovine  tubercle  bacilli.  Inasmuch  as  ^ve  do  not  yet 
knoAV  anything  concerning  the  relative  resistance  of  cattle  to  tuber- 

*  Report  of  !^^ass.  Cattle  Commission  for  IfiOT.  See  also  Zeitschr,  f.  Thier- 
inrd.,  1807,  330. 
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eulosis  at  different  periods  of  life,  nor  the  relative  effect  of  cxiltiva- 
tion  on  the  bacilli  and  of  different  modes  of  inoculation,  such  parallel 
experiments  are  quite  essential.  Of  these  few  experiments,  Bolling¬ 
er’s  is  the  only  one  which  might  be  regarded  as  favoring  the  suscepti¬ 
bility  of  very  young  cattle  to  human  bacilli.  Even  here  the  disease 
penetrated  only  to  the  mesenteric  and  retroperitoneal  lymph  glands. 

A  summary  of  the  inoculation  experiments  made  by  the  Avriter 
upon  cattle  have  already  been  given.  Here  we  need  simply  to  report 
the  most  salient  features.  These  are — 

1.  The  purely  local,  restricted  character  of  the  lesions  in  cattle 
due  to  sputum  bacilli.  Lesions  were  not  found  beyond  the  place  of 
deposit  or  in  the  lymphatic  glands  to  which  these  are  tributary,  ex¬ 
cepting  in  one  animal  (Sputum  V  culture).  In  this  case  we  find  a 
multiple  tubercular  focus  measuring  in  toto  about  1  to  1.5  cm.  in  one 
of  the  dorsal  mediastinal  glands.  This  is  the  only  affected  gland 
foxind  in  the  5  cases.  Considering  the  fact  that  the  bacillus  was  one 
of  the  more  attenuated,  that  on  the  other  hand  the  animal  was  fully  4 
yearn  old,  I  am  strongly  inclined  to  look  xxpon  this  isolated  instance 
of  lAunpli  gland  infection  as  a  latent  infection  Avith  bovine  bacilli  AAdiich 
Avas  probably  favoi’ed  by  the  depressing  effects  of  the  injection  into 
a  slight  activity.  I  take  this  groxxnd  becaxxse  of  its  isolated  occxxrrence 
and  the  A-eiy  typical  bovine  character  of  the  lesions.  It  is  not  xxnxxsxxal 
for  sxxch  a  slight  lesion  to  be  encoxxntei’ed  in  animals  Avhieh  haA'e  failed 
to  react  tOAvards  txxbercxxlin,  for  experimenters  agree  xxpon  a  margin 
of  error  of  5  to  10  per  cent,  the  lesions  found  in  sxxch  cases  being 
usxxally  qxxite  insignificant.  Had  the  cxxltixre  xxsed  not  shoAvn  a  A’ii’xx- 
lence  not  only  not  above  bxxt  slightly  beloAv  the  average  \drxxlence  of 
the  other  spxxtxxm  bacilli,  as  tested  on  a  rabbit  and  on  gxxinea-pigs,  the 
above  inference  coxxld  not  be  justly  drawn. 

2.  The  atypical  tissxxe  changes  induced  by  the  spxxtxxm  bacilli  Avhich 
tended  chiefly  toAvards  granxxlation  tissue.  Txxbercle  formation  i-ecog' 
nizable  as  sxxch  Avas  xxncommon.  Besides  the  lymphatic  foexxs  cited 
above  as  of  doxxbtful  origin,  txxbercles  approaching  nearest  the  bovine 
type  Avere  encoxxntered  in  the  primary  Ixxng  foexxs  in  the  yoxxngest 
animal  (Spxxtxxm  IV). 
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Some  writers,  inoliicliiig  Bollinger  and  Baumgarten,  are  inclined  to 
regard  tlie  pedicnlated  masses  produced  on  serous  membranes  by  the 
inoculation  of  sputum  or  of  cultures  (Sputum  lY,  YI)  as  something 
specific  and  as  deciding  positively  the  transmissibility  of  human  bacilli 
to  cattle.  Leaving  aside  the  abortive,  atypical,  microscopic  structure 
of  the  pediculated  masses  produced  in  the  writer^s  series,  and  assum¬ 
ing  that  the  inoculation  of  yonng  calves  may  furnish  lesions  of  a 
more  typical  character,  we  may  present  anatomical  and  histological 
facts  which  go  far  to  show  that  there  is  nothing  characteristic  or  pecu¬ 
liar  about  them  or  about  pearly  disease  in  general. 

On  the  omentum  and  the  pleura  of  cattle  not  tuberculous  there  may 
exist  in  many  cases  patches  of  delicate  filamentous  fringes,  probably  in 
all  cases  the  result  of  some  local  infiammation.  These  fringes  are  micro¬ 
scopic  in  size  and  only  visible  to  the  naked  eye  when  they  are  present 
in  large  numbers  and  congested.  My  attention  was  first  called  to  them 
in  the  study  of  Texas  fever.  Owing  to  the  congestion  of  the  whole 
portal  system,  these  fringes,  massed  together,  appeared  as  red  patches  on 
the  omentum.  The  microscope  showed  them  to  consist  of  a  capillary 
encased  in  a  sheath  of  delicate  fibrillar  tissue  and  the  latter  covered  by 
the  endothelium  of  the  peritoneum.  Ifecently  I  have  demonstrated  the 
same  fringes  in  slightly  raised,  i-eddened  patches  of  the  costal  pleura  in 
otherwise  healthy  cattle.  Here  they  are  qirite  inconspicuous,  but  may 
be  demonstrated  by  seizing  the  surface  of  the  membrane  with  delicate 
forceps.  Invisible  threads  hold  the  latter  near  the  membrane.  In  the 
fresh  condition  their  structure  is  like  that  of  the  fringes  on  the  oiuentu.n. 
In  some  I  was  unable  to  demonstrate  a  capillary.  In  all  cases  they  con¬ 
sist  of  the  wavy  fibrillar  tissue  devoid  of  nuclei,  but  containing  at  times 
a  few  granule  cells,  recognized  as  acidophile  leucocytes  in  stained 
sections.  In  sections,  these  fringes  could  be  traced  from  their  attach¬ 
ment  to  the  serosa.  The  fibrillar  tissue  is  directly  continuous  with  the 
subserous  layer  of  like  tissue  and  the  endothelial  layer  of  the  pleura  is 
continuous  over  these  fringes.  The  immediate  union  of  fringes  contain¬ 
ing  a  capillary  with  the  i)leura  was  not  demonstrated  in  the  limited 
number  of  sections  examined.  Besides  these  of  the  simplest  structure, 
others  are  seen  in  an  active  state  of  proliferation  and  infiltrated  witli 
lymphoid  and  acido])hile  leucocytes. 

These  fringes  or  filaments,  probably  the  result  of  traumatic  and  other 
inflammation,  form  an  excellent  place  of  attachment  for  the  injected 
tubercle  bacilli.  Here  processes  of  epithelioid  and  giant-cell  formation  go 
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on  rai)idly  when  bovine  bacilli  are  present,  whereas  the  sputum  bacilli  tend 
to  lead  only  to  granulation  tissue,  with  slight  abortive  tubercle  formation. 
These  new  formations,  subject  to  pressure  and  friction,  may  undergo 
haemorrhage,  anaemic  necrosis  due  to  twisting  of  the  pedicle,  and  subse¬ 
quent  increase  of  the  connective  tissue  stroma  around  the  dead  fringe. 
In  this  way  those  peculiar  smooth  nodes  probably  arise  which  are  briefly 
described  under  the  eases  inoculated  with  Sputum  cultures  IV  and  A'l. 
It  is,  furthermore,  evident  from  the  inoculation  experiments  that,  among 
other  causes,  the  tubercle  bacillus  itself  is  one  inducing  the  formation 
of  granulation  tissue.  The  highly  vascular,  velvety  layers  of  granula¬ 
tion  tissiie  carpeting  the  costal  pleura  in  most  of  the  cattle  inoculated  is 
a  sufficient  proof  of  the  existence  of  this  tendency.  The  pearly  disease 
may  thus  be  a  product  of  at  least  two  factors,  the  presence  of  this  tissue 
as  a  result  of  former  proliferation,  and  the  inherent  tendency  of  the 
serous  membranes  of  cattle  to  respond  l)y  the  formation  of  these  vascular 
fringes  to  tubercles  situated  under  the  pleura  and  to  bacilli  discharged 
siffisequently  from  such  tubercles.  But  still  other  factors  may  be  con¬ 
cerned. 

That  a  certain  retarded  movement  of  the  disease  process  may  produce 
pearly  disease  in  other  animals  has  been  answered  in  the  affirmative  for 
rabbits  by  Troje  and  Tangh*  These  authors  inoculated  subcutaneously 
bacilli  from  cultures  and  material  from  Ihe  tuberculous  lungs  of  rabbits 
which  had  been  intimately  mixed  with  iodoform  and  kept  in  the  dark  in 
contact  with  it  for  one  or  two  weeks.  In  two  rabbits,  from  two  separate 
experiments,  chloroformed  respectively  7  and  9  months  after  inoculation, 
pediculated  tubercles  of  the  serous  membranes  were  found.  Those  not 
containing  angular  concrements,  and  therefore  sectionable,  were  peculiar 
in  the  jtossession  of  a  very  large  number  of  very  large  giant  cells. 

These  observations  I  am  able  to  confirm  by  one  case,  the  rabbit  inocu¬ 
lated  with  the  culture  of  Sputum  VI.  This  rabbit  was  chloroformed  3  J 
months  after  the  intravenous  injection  of  tubercle  bacilli.  Its  weight 
had  risen  from  1305  to  2061  grms.  The  notes  on  this  case  are  briefly  as 
follows: 

Organs  apparently  unaffected  (brain  and  cord  not  examined),  excepting  the 
liver,  kidney  and  lungs.  The  liver  contains  a  small  number  of  1  to  2  mm. 
centrally  caseous  foci.  The  kidneys  show  a  considerable  number  of  grayish 
opaque  1  mm.  tubercles.  The  lungs  coll.apse  well.  They  are  everywhere 
beset  with  translucent  bodies,  seen  with  some  difficulty,  owing  to  their  glassy 


*  Deutsche  med.  Wocheuschrift,  1892,  191. 
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appearance.  Some  have  a  minute,  point-like,  opaque  centre.  In  the  small 
cephalic  lobes  there  are  larger  confluent  patches,  especially  on  the  margins, 
of  a  peculiar  grayish-translucent  appearance.  Sections  of  hardened  tissue 
show  the  distinctly  epithelioid  character  of  the  tubercular  changes,  with  very 
few  giant  cells.  Necrosis  only  in  the  largest  foci.  Tubercle  bacilli  fairly 
abundant  in  the  necrosed  centres,  elsewhere  scarce.  From  the  marginal 
tubercles  flnger-like  prolongations,  precisely  like  those  of  the  bovine  pleura, 
project  into  the  pleural  cavity.  They  consist  mainly  of  rapidly  proliferating 
connective-tissue  cells  imbedded  in  a  very  delicately  fibrillar  meshwork.  The 
basal  portion  of  the  fringe  is  partiy  covered  with  endothelium  continuous 
with  that  of  the  pleura  and  contains  a  number  of  capillaries  in  transverse 
section.  Similar  vascular  fringes  appear  on  the  opposite  margin  of  the  same 
section. 

It  is  not  improbable  that  if  this  animal  had  been  allowed  to  live  as 
long  as  those  of  Troje  and  Tangl,  tnhercle  bacilli  would  have  found  their 
way  into  these  fringes  and  produced  the  so-called  pearly  disease.  This 
rabbit  was  allowed  to  live  longer  than  any  other  of  the  sputum  series.  We 
may  thus  assume  that  neoplasms  of  the  pleura  in  rabbits  may  be  looked 
for  after  the  third  month.  These  observations  go  far  to  show  that  the 
eruption  of  tubercles  on  the  pleura  is  not  so  much  an  expression  of 
peculiarity  on  the  part  of  the  tubercle  bacillus  as  it  is  an  expression  of 
a  certain  grade  of  virulence  of  the  bacillus  in  an  organism  possessing  a 
certain  grade  of  resistance  to  it.  To  these  conditions  may  possibly  be 
added  a  ]U’onounced  tendency  in  certain  animals  towards  ])roduction  of 
granulation  tissue  of  a  certain  type  on  serous  membranes. 

Troje  *  has  also  described  a  rare  case  of  pearly  disease  in  man,  affect¬ 
ing  the  ]deura.  Here,  possibly,  the  previous  existence  of  outgrowths 
like  the  fringes  on  the  serous  membranes  of  cattle  may  have  been  re¬ 
sponsible  for  the  peculiar  localization  of  the  tid^ercle  bacillus. 

Putting  all  the  facts  obtained  by  experiments  upon  cattle  together, 
it  wonld  seem  as  though  the  sputum  bacillus  cannot  gain  lodgment 
in  cattle  through  the  ordinary  channels.  Those  avenues,  well  provided 
with  protective  mechanisms,  receive  the  bacilli  probably  one  at  a  time. 
However  closely  the  sputum  and  the  bovine  bacillus  may  l)e  related, 
it  seems  as  if  under  ordinary  circumstances  the  former  would  fall  an 
easy  ])rey  to  destruction.  This  inference  will  gain  in  weight  if  we 
bear  in  mind  that  the  far  more  potent  bovine  bacillus  produces  in  at 


*  Loc.  cit. 
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least  50  per  cent  of  the  spontaneously  infected  cattle  a  purely  local 
disease,  which  probably  would  remain  so  if  the  animal  were  surrounded 
with  favorable  conditions. 

The  second  and  most  important  proposition,  the  transmission  of 
bovine  bacilli  to  the  human  subject,  has  been  much  discussed  in  recent 
years,  without,  however,  bringing  us  any  nearer  to  definite  knowledge. 

A  recent  compilation  of  cases  of  presumable  transmission  from  cattle 
to  man,  both  through  wounds  of  the  skin  and  through  the  digestive  tract 
in  milk,  by  Eavenel,*  gives  perhaps  the  most  condensed  account  up  to 
date.  To  these  may  be  added  a  most  interesting  case  reported  by 
Coppez.f  A  girl  17  years  old  had  a  wound  on  the  palmar  aspect  of  the 
third  finger  between  the  2nd  and  3rd  phalanx,  which  became  infected 
with  tubercle  bacilli  during  milking.  The  original  lesions  gave  rise, 
within  6  months,  to  over  35  subcutaneous  abscesses  situated  in  different 
parts  of  the  body.  There  were  two  on  the  right  hand,  four  on  the  elbow, 
two  on  the  shoulder-blade,  several  on  the  right  cheek,  two  on  the  left 
palm,  one  on  the  back  of  the  neck,  a  dozen  on  the  buttocks  and  thighs, 
four  on  the  left  leg,  three  on  the  sole  of  one  foot  and  one  on  the  big  toe. 
]\Iost  of  these  were  curetted,  and  iodoform  applied  6  months  after  the 
beginning  of  the  disease.  Subsequently  more  appeared,  in  all  from  60 
to  66.  The  author  describes  the  appearance  of  these  foci  as  follows: 

At  a  certain  point,  always  in  the  neighborhood  of  a  pre-existing  focus, 
a  thickening  of  the  subcutaneous  tissue  appeared,  associated  with  in¬ 
creased  heat  of  the  skin  and  pain  on  pressure.  The  heat  soon  disap¬ 
peared,  and  a  fluctuating  livid  tumor  opened  itself  and  discharged  pus 
and  later  a  yellowish  serum.  These  various  abscesses  healed  slowly,  and 
within  a  year  all  had  disappeared.  At  no  time  could  any  visceral  lesions 
be  recognized,  but  one  eye  became  involved.  The  nature  of  the  affection 
was  demonstrated  by  inserting  some  pus  from  an  abscess  into  the  eye 
of  a  rabbit.  There  was  but  slight  reaction  at  first.  Subsequently  the 
whole  eye  became  diseased,  the  lymph  nodes  of  the  neck  being  greatly 
enlarged.  After  several  months  death  ensued. J 

*  Journal  of  Compar.  Medicine  and  Yet.  Archives,  December,  1897. 

t  Un  cas  de  tiiberculose  cutanee  et  oculaire  sans  manifestations  viscerales. 
Rev.  gen.  d’ophthalm.,  xv  (1896),  433. 

J  In  an  article  written  just  before  the  discovery  of  the  tubercle  bacillus, 
Creigfhton  (Bovine  tuberculosis  in  man,  Jonrn.  Anat.  and  Physiology,  xv  (1880), 
1-177)  describes  12  cases,  following  one  another  quite  closely  in  the  same 
hospital,  which  he  considers  to  be  afflicted  with  the  bovine  disease.  This 
type  of  tuberculosis  was  characterized  by  eruptions  on  the  serous  mem- 
34 
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If  bovine  bacilli  mav  invade  tlie  liuman  body  without  let  or  hin¬ 
drance,  we  have  not  only  food  infection  through  milk  and  milk  pro¬ 
ducts  to  guard  against,  but  also  the  inhalation  disease  to  which  men 
are  exposed  in  stables  containing  tuberculous  cattle.  What  propor¬ 
tion  of  tuberculous  subjects  may  derive  their  infection  from  these 
sources  we  do  not  know.  Xow  that  we  have  established  some  fairly 
pronounced  differences  between  bovine  and  sputum  bacilli,  the  whole 
discussion  might  be  cut  short  by  the  suggestion  that  the  time  has  come 
to  stop  citing  old  and  doubtful  cases  and  to  go  to  work  to  study  with 
care  the  tubercle  bacilli  from  cases  of  supposed  animal  origin,  so  that 
some  experimental,  trustworthy  basis  may  be  formed  upon  which  to 
found  statistics.  While  this  is  in  truth  what  Avill  have  to  be  done 
and  is  the  goal  which  has  been  aimed  at  from  the  outset  in  this  tedious 
work,  it  will  take  much  time  and  pei’sistent  attention  to  collect  e\’i- 
dence  of  this  kind.  In  the  meantime  the  relation  of  bovine  to  human 
tuberculosis  must  be  somehow  defined  before  a  fairly  helpless  and 
frightened  public.  It  seems  to  me  that,  accepting  the  clinical  evi¬ 
dence  on  hand,  bovine  tuberculosis  may  be  transmitted  to  children 
when  the  body  is  overpowered  by  large  numbers  of  bacilli,  as  in  udder 
tuberculosis,  or  when  certain  unknown  favorable  conditions  exist.* 
To  prevent  this  from  occurring,  a  rigid,  periodic  dairy  inspection  and 
the  removal  of  all  suspicioiis  udder  affections  and  all  emaciated  animals 
is  as  mnch  as  public  health  authorities  can  at  present  demand.  Any 
measures  beyond  these  belong  to  agriculture,  with  which  the  public 
health  has  no  busiiu'ss  to  meddle,  without  endangeriiig  the  chances  of 

branes,  large,  grayish-white  medullary  tumors  in  the  lungs,  frequently'  as¬ 
suming  the  form  of  a  wedge,  and  by  eertain  microscopic  peculiarities. 
These  cases  may  have  been  due  to  some  other  organism.  Quite  recently 
Askanazy  (Ueber  tumorartiges  Auftreten  der  Tuberkulose,  Zeitsclir.  f.  klin. 

xxxii  (1897),  3(10),  besides  giving  a  good  bibliography,  cites  2  cases  in 
full  in  which  the  peculiar  type  of  disease  leads  him  to  suggest  their  relation 
to  pearly  disease  in  cattle.  These  articles  simply  impress  upon  the  reader 
that  the  true  interpretation  of  such  cases  will  remain  obscure  until  the 
etiological  agent  has  been  studied.  The  variable  character  of  the  tissue 
reaction  to  the  tubercle  bacillus,  according  to  the  species,  deprives  the  patho¬ 
logical  study,  taken  alone,  of  any  decisive  vahie. 

*  Probably  much  the  same  as  in  glanders.  The  number  of  glandered 
horses  in  certain  places  is  out  of  all  proportion  to  the  cases  in  men  who  are 
continually  handling  and  cleaning  them. 
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gaining  authority  to  enforce  it?  oavu  necessary  measures.  If  the  evi¬ 
dence  gained  by  pathology  in  the  future  should  reveal  a  greater  danger 
than  is  here  assumed,  the  scientific  basis  of  such  evidence  will,  I  think, 
force  all  additional  measures  needed. 

lint  for  the  student  of  etiology  the  problem  does  not  end  in  the 
difi'erentiation  of  varieties.  It  reaches  out  much  farther  than  this 
and  involves  some  puzzling  questions.  The  most  important  one  bears 
on  the  possible  changes  which  the  tubercle  bacillus  may  undergo  dur¬ 
ing  its  prolonged  sojourn  in  the  hinnan  body.  I  have  already  referred 
to  one  phase  of  this  question  in  mentioning  the  saprophytic  growth  of 
the  sputum  bacillus  in  the  afi’ected  lungs  and  necrotic  tissue,  as  con¬ 
trasted  with  its  slight  multiplication  in  living  tissue  and  with  the 
generally  slight  multiplication  of  the  boA'ine  bacillus  in  the  tissue  of 
cattle.  This  question  is  a  A’cry  conqilicated  one,  and  nothing  is  easier 
than  to  reason  in  a  circle  about  it,  because  of  the  entii’o  absence  of  data. 
The  first  hypothesis  to  be  considei*ed  is  that  AA'hich  assumes  the  con- 
vci*sion  of  the  bovine  bacillus  into  the  sputum  bacillus  in  the  human 
body.  This  hypothesis  would  deny  us  all  possibility  of  utilizing  dif¬ 
ferent  characters  of  tubercle  bacilli  in  tracing  their  source.  If  the 
bovine  variety  may  enter  into  the  digestiA’e  tract  as  such,  and  after  a 
more  or  less  prolonged  interval  emerge  from  the  secondarily  affected 
lungs  as  the  sputum  variety,  Ave  may  as  aa'cII  giA'e  up  all  further  study 
of  the  tubercle  bacillus.  The  accumulated  evidence  of  bacteriology  is 
opposed  to  this  vioAv.  Xevertheless,  it  has  been  unAA'ittingly  assumed 
b}'  Klebs,  in  considering  intestinal  infection  Avith  the  bovine  bacillus, 
as  a  common  cause  of  tuberculosis.*  As  a  support  of  the  vioAv  that 
tubercle  bacilli  change  but  very  sloAvly,  I  may  again  mention  the 
inoculation  test  upon  a  rabbit  of  Bovine  culture  I.  xVbout  three  years 
after  the  first  test,  the  second  test  resulted  in  only  a  very  slight  pro¬ 
longation  of  the  disease.  The  first  ral>bit  succumbed  in  17,  the  second 
in  22  days.  It  Avas  thus  after  d  years  of  artificial  groAvth  still  far 
above  sputum  bacilli  in  pathogenic  poAA’er. 

'I'lio  question  of  phthisis  as  secondaiw  to  infection  by  Avay  of  the 
digestive  organs  is,  hoAvever,  one  needing  more  attention,  for  experi- 

Die  kaiisale  Behaiidhiiig'  der  Tiiberkiilose,  1S94,  p.  34. 
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mental  results  in  this  direction  are  quite  suggestive.  In  all  mammals 
the  lungs  are  evidently  the  most  favored  place  of  tubercle  bacilli, 
and  wherever  the  latter  may  be  deposited,  they  sooner  or  later,  unless 
the  disease  is  checked,  reach  that  organ,  where  the  process  spreads 
more  rapidly  than  elsewhere.  This  march  from  the  place  of  infection 
is  not  infrequently  partially  concealed  by  reparative  processes.  A 
recent  case  in  point  is  that  of  a  guinea-pig  inoculated  with  a  culture 
of  Sputum  VI : 

Aug.  29,  1897.  Male  guiuea-ing,  weighs  420  grams.  Receives  subcutane¬ 
ously  ill  the  flank  0.5  cc.  of  a  clouded  suspension  of  tubercle  bacilli  (Sputum 
VI)  9  days  old. 

Nov.  8.  Breathing  now  labored;  has  been  active  since  inoculation. 

Nov.  11.  Respiration  labored  and  almost  convulsive;  hence  chloroformed; 
weight  431  grams. 

No  ulcer  at  point  of  inoculation. 

Kneefold  glands  of  this  side  as  large  as  peas,  yellowish  in  color,  consisting 
of  a  thin-walled  sac  and  homogeneous  contents,  resembling  thick  cream. 
Kneefold  glands  of  opposite  side  moderately  enlarged,  but  without  necrotic 
changes.  The  pelvic,  renal,  retrogastric  and  mesenteric  glands  enlarged 
slightly,  but  without  necroses.  Spleen  small,  shows  grayish  specks  dissemin¬ 
ated  through  it.  Liver  and  kidneys  appear  normal.  Two  small  tubercles  on 
left  testicle. 

Lungs  do  not  collapse.  They  feel  firm  everywhere.  On  section  most  of 
the  lung  tissue  is  consolidated,  of  a  grayisli-white  color.  No  fluid  expressible 
from  air  tubes.  In  sections  of  the  lungs,  the  inflltration  consists  chiefly  of 
epithelioid  colls  with  smaller,  more  deeply  stained  nuclei  Intermingled  or  in 
patches.  No  necrosis.  The  liver  was,  through  an  oversight,  not  preserved. 
The  spleen  shows  in  each  follicle  a  rarefied  area  occupied  by  epithelioid  cells 
and  a  few  tubercle  bacilli.  No  necrosis. 


In  this  susceptible  animal  the  only  lesions  threatening  life  or  even 
conspicuous  were  those  in  the  lungs.  Those  in  the  spleen  were  slight, 
possibly  stationary.  The  disintegrated  superficial  glands  might  have 
discharged  outwardly  later  on  and  healed.  This  is  but  one  of  a 
number  of  cases  I  have  observed  in  the  past  10  years  in  which  there 
was  progression  in  the  lungs  Avith  almost  complete  destruction  of  the 
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organ  and  retrogression  elsewhere,  showing  itself  in  the  liver  by 
shrinking  and  furrowing  of  the  organ.* 

With  the  two  facts  before  us  that  tubercle  bacilli  gravitate,  as  it 
were,  towards  the  lungs  in  all  the  susceptible  mammals,  and  that  they 
may  conceal  their  movements  in  the  body  quite  effectually,  we  must 
regard  infection  through  the  digestive  tract  as  a  source  of  phthisis  at 
least  deserving  more  attention.  The  only  question  to  interest  us 
here  is  the  relation  of  the  bovine  bacillus  to  this  process.  Only  much 
painstaking  work  will  enable  us  to  learn  whether  tlie  human  body 
can  produce  such  a  great  modification  of  the  bovine  bacillus  or  not. 

Another  more  acceptable  hypothesis  concerning  changes  in  the  tu¬ 
bercle  bacillus  would  assume  a  slow,  continuous  modification  which  in 
the  past  has  developed  the  sputum  variety  on  the  one  hand  and  the 
bovine  variety  on  the  other.  The  future  may  enable  us  to  establish 
not  only  other  varieties  linked  to  certain  animal  species,  but  also 
varieties  which  produce  slightly  different  forms  of  disease  in  man 
himself. f  The  saprophytic  life  of  the  sputum  bacillus  in  phthisis  may 
be  the  cause  of  a  very  slow  downward  descent  of  its  invasive  power, 
which  in  the  course  of  one  or  more  generations  may  become  percep¬ 
tible  both  to  the  bacteriologist  and  to  the  clinician,  and  express  itself 
to  the  statistician  in  the  gradually  falling  curve  of  tuberculosis,  as 
shown  by  the  vital  statistics  of  the  past  40  years.:}: 

The  outcome  of  such  slow  changes  would  lead  to  the  establishment 
of  numerous  minor  varieties  because  of  the  great  opportunity  which 
tubercle  bacilli  have  in  our  congested,  abnormal  city  life  of  selecting 
their  variously  predisposed  victims.  Thus  the  more  attenuated  varie¬ 
ties  may  find  their  invasion  obstructed  in  the  more  vigorous,  but  not 

*  This  generalization  has  been  recently  emphasized  by  Spengler  {Ztschr.  f. 
Uygicnc,  xxvi  (1897),  321)  as  follows:  The  retarded  course  of  an  inoculation 
tuberculosis  expresses  itself  without  exception  in  a  (greater)  prominence 
of  tlie  lung  disease  with  simultaneous  retardation  of  the  liver  and  spleen 
affection. 

IJecently  I  have  been  able  to  study  cultures  of  tubercle  bacilli  from  a 
rapidly  progressive  tuberculous  gland  of  the  neck  in  an  adult.  These  ba¬ 
cilli  are  slightly  less  virulent  than  the  sputum  bacilli  described. 

X  S.  W.  Abbott.  The  Vital  Statistics  of  Massachusetts.  Eep.  of  the  State 
Board  of  Health  for  1896,  p.  787-8. 
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in  eliildreii  or  certain  predisposed  individuals.  It  is  needless  for  me 
to  illustrate  these  possibilities  still  farther.  They  have  their  parallels 
in  nature  all  about  us.  Only  one  practical  suggestion  may  be  made, 
in  view  of  the  probable  discovery  of  minor  varieties  of  human  bacilli. 
Tiiberculous  patients  should  not  be  indiscriminately  exposed  to  other 
tuberculous  patients  simply  because  both  are  affected  with  a  disease 
which  bears  the  same  name.'" 

A  more  exhaustive  experimental  study  of  the  tubercle  bacillus  away 
from  the  many  variable  factors  acting  upon  the  human  body,  which 
will  lead  to  a  better  standardizing  of  virulence  or  invasive  power,  may 
help  these  speculations  to  find  some  substantial  basis.  That  much  is 
still  to  be  learned  concerning  the  etiology  is  evident  from  the  want  of 
unanimity  as  regards  the  channels  of  infection.  The  views  of  Koch 
and  his  followers  of  the  transmission  of  the  infection  in  diist  and 
spray  would  tend  to  favor  the  hypothesis  of  gradual  attenuation  and 
of  the  production  of  minor  varieties.  Baumgarten’s  hypothesis  of  the 
transmission  of  the  tubercle  bacillus  from  parent  to  child  before  birth 
implies  the  transmission  of  tul)ercle  bacilli  either  in  a  continual  strug¬ 
gle  with  living  tissue  or  else  remaining  in  situations  where  the  bacilli 
cannot  multiply,  and  hence  where  a  tendency  to  loss  of  invasive  power 
by  saprophytic  growth  is  impossible.  The  occasional  entrance  of 
bovine  bacilli  into  the  human  body  might  open  the  way  for  the  intro¬ 
duction  of  a  virus  of  a  higher  level,  provided  opportunity  for  subse¬ 
quent  transmission  be  afforded. 

*  A  beginning  in  this  comparative  study  of  different  clinical  types  of 
tuberculosis  has  been  made  by  Auclair  {Arch,  de  med.  exp.  (1897),  ix,  1124). 
This  article,  which  came  to  my  notice  after  the  completion  of  this  manu¬ 
script,  describes  4  cultures,  one  from  a  rapidly  progressive  tuberculosis  of  a 
gland  of  the  neck,  one  from  a  slow  phthisis,  one  from  an  acute  meningitis 
and  one  from  true  scrofula.  On  guinea-pigs  the  intra-abdominal  inocula¬ 
tion  of  these  cultures  had  nearly  the  same  effect.  Hence  the  author  did  not 
hesitate  to  regard  them  as  identical  in  pathogenic  power,  in  opposition  to 
the  views  of  Arloing,  who  considers  the  bacilli  of  phthisis  and  those  of  the 
surgical  forms  of  tuberculosis  of  different  virulence.  Auclair  did  not  inocu¬ 
late  rabbits,  in  spite  of  the  fact  that  Arloing  regarded  them  as  the  best 
means  of  differentiating  the  bacilli  of  the  different  forms  of  tuberculosis. 
My  own  results  show  that  if  the  intra-abdominal  inoculation  of  guinea-pig.s 
is  the  only  test  made,  practically  no  differences  worth  considering  would 
ap])ear  between  bovine  and  spuHim  bacilli,  as  regards  pathogenic  power. 
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If  in  this  brief  summary  I  have  presented  nothing  but  problems  to 
be  solved  and  doubts  to  be  entertained,  I  feel  quite  confident  that  the 
comparative  study  of  tubercle  bacilli  will  lead  to  some  definite  under¬ 
standing  on  certain  important  qiiestions,  and  eventually  to  more  light 
on  the  whole  subject  of  tuberculosis  from  the  preventive  as  well  as 
the  therapeutic  side. 

The  main  questions  proposing  themselves  to  the  investigator  are: 

1.  The  study  of  tubercle  bacilli  from  different  types  of  tuberculosis 
to  determine  their  relation  to  the  sputum  bacillus  and  the  bovine 
bacillus  as  regards  virulence. 

2.  The  study  of  the  bacilli  in  primary  intestinal  disease  and  in  all 
tubercular  disease  in  children  in  which  the  source  of  infection  is 
assumed  to  be  outside  of  the  family  and  possibly  in  the  milk. 

In  attacking  these  problems  the  investigator  should  either  keep 
strictly  to  the  methods  suggested  in  this  article,  if  he  wishes  to  use 
its  results  as  a  basis,  or  else,  in  all  cases  in  which  the  bovine  bacillus 
or  one  of  abnormal  virulence  is  suspected,  he  should  study  fresh  cul¬ 
tures  of  the  sputum  bacillus  side  by  side  vfith  the  other. 


THE  KELATIOH  OF  THE  TOXICITY  OF  DIPHTHERIA 
TOXIN  TO  ITS  NEUTRALIZING  VALUE  UPON  ANTI¬ 
TOXIN  AT  DIFFERENT  STAGES  IN  THE  GROWTH  OF 
CULTURE. 

By  WILLIAMS!  HALLOCK  PARK,  M.  D.,  Assistant  Director,  ajid  JAMES  P. 
ATKINSON,  M.  S.,  Assistant  Chemist  of  the  Research  Laboratory  of 
THE  Health  Department  of  the  City  of  New  York. 

(From  the  Research  Laboratory  of  the  Health  Department  of  the  City  of  New 
York,  Dr.  Hermann  M.  Biyys,  Director.) 

Until  within  a  fairly  recent  time  the  filtered  or  sterilized  bouillon 
in  which  the  diphtheria  bacillus  had  grown  and  produced  its  “  toxin  ” 
was  supposed  to  require  for  its  neutralization  an  amount  of  antitoxin 
directly  proportional  to  its  toxicity  as  tested  in  guinea-pigs.  Thus,  if 
from  one  bouillon  culture  10  fatal  doses  of  “  toxin  ”  were  required  to 
neutralize  a  certain  quantity  of  antitoxin,  it  was  believed  that  10  fatal 
doses  from  every  culture,  without  regard  to  the  way  in  which  it  had 
been  produced  or  preserved,  would  also  neutralize  the  same  amount  of 
antitoxin.  Upon  this  belief  was  founded  the  Behring-Ehrlich  defini¬ 
tion  of  an  antitoxin  unit. 

The  results  of  tests  by  different  experimentei*s  with  the  same  anti¬ 
toxic  serum  hut  with  different  toxins  proved  this  opinion  to  be  incor¬ 
rect.  Ehrlich*  deserves  the  credit  for  first  clearly  perceiving  and 
publishing  this.  He  obtained  from  various  sources  twelve  toxins  and 
compared  their  neutralizing  value  upon  antitoxin;  these  tests  gave 
most  interesting  and  important  information.  The  results  in  six  toxins, 
which  are  representative  of  the  twelve,  are  as  follows:  (See  Table  I.) 

From  the  facts  set  forth  in  the  tables  Ehrlich  has  derived  interesting 
theories,  which,  if  true,  would  add  greatly  to  our  knowledge  of  toxins 
and  would  also  have  a  very  direct  influence  upon  the  present  methods 
of  standardizing  antitoxin.  He  believes  that  the  diphtheria  bacilli  in 

*  Ehrlich,  Die  Wertbemessung'  des  Diphtherieheilserums  und  deren  theore- 
tische  Griindlagen,  Klinisches  Jahrbuch,  vi  (1897). 
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TABLE  I. — (Fuom  Eiiklicii.) 
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their  growth  produce  toxin  which,  so  long  as  it  remains  chemically 
unaltered,  lias  a  definite  poisonous  strength  with  a.  definite  value  in 
neutralizing  antitoxin.  This  neutralization  he  believes  to  be  a  chemi¬ 
cal  union,  in  which  200  fatal  doses  of  toxin  for  a  250-gramme  guinea- 
pig  combine  with  one  unit  of  antitoxin.  The  toxin  is,  however,  an 
unstable  compound  and  begins  to  change  almost  imnaediately  into 
substances  which  are  not,  at  least  acutely,  iioisonous,  but  which  retain 
their  full  power  to  neutralize  antitoxin.  These  substances,  according 
to  Ehrlich,  fall  into  three  groups.  The  first  has  more  affinity  for  com¬ 
bining  with  the  antitoxin  than  the  toxin  itself  (protoxoids).  The 
second  has  the  same  affinity  (syntoxoids).  The  third  has  less  affinity 
(epitoxoids). 

*  For  number  9  only  does  Ehrlich  give  the  duration  of  the  cultiu’e  growth 
in  the  incubator  by  which  the  toxin  was  produced. 
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According  to  him,  if  a  mixture  of  toxoids  and  toxin  is  added  to 
antitoxin,  the  protoxoids  first  combine  ■s\dth  the  antitoxin,  then  the 
syntoxoids  and  the  toxin  combine  in  equal  proportions,  so  long  as  the 
supply  lasts,  Avith  the  amount  of  antitoxin  remaining,  or  if  there  is  a 
surjilus,  Avith  enough  to  satisfy  them;  finally,  if  any  antitoxin  remains, 
the  epitoxoids  iinite  Avith  it. 

If  to  a  mixture,  in  Avdiich  all  three  toxoids  as  AA’ell  as  toxin  haA’e 
united  AA’itli  antitoxin,  some  additional  toxic  culture  bouillon  be  added, 
the  iieAA'  protoxoids  dis})lace  first  the  epitoxoids  and  then,  if  free  pro¬ 
toxoids  remain,  the  toxin  and  the  syntoxoids  from  their  antitoxin,  and 
thus  liberate  as  AA'ell  as  add  free  toxin  to  the  solution. 

Fdirlich  states  as  an  important  laA\'  that  toxin  molecules  change  into 
toxoid  molecules  either  by  three  toxin  molecules  becoming  tAvo  toxoid 
and  one  toxin  molecules,  or  that  tAAm  toxin  molecules  change  into  one 
toxoid  and  one  toxin  molecule. 

The  practical  conclusion  AAdiich  he  draAA's  is  tliat  from  the  absolute 
amount  of  poison  in  a  given  quantity  of  bouillon  alone,  nothing  can 
be  determined  as  to  its  neutralizing  value  for  antitoxin,  and  that, 
therefore,  the  old  Behring-Ehrlich  method  must  be  greatly  modified; 
namely,  that  in  any  bouillon  Ave  must  detect  not  only  the  amount  of 
toxin  but  also  of  toxoids  before  Ave  can  judge  of  its  neutralizing  Auilue. 
This  he  believes  he  can  accurately  accomplish. 

He  gives  an  interesting  theory  to  explain  the  production  of  antitoxin 
in  the  blood.  This  he  does  upon  the  supposition  that,  Avhen  absorbed, 
tlie  toxin  combines  Avith  a  portion  of  certain  selected  cells,  and  that 
this  poi’tion  by  its  union  Avith  toxin  becomes,  at  least  physiologically, 
dead.  The  cell  replaces  this  dead  matter  Avith  neAV  and  similar  sub¬ 
stance;  after  seA'eral  repeated  losses  and  replacements  of  this  substance 
the  cells  produce  it  in  excess.  This  substance,  Avhether  originally  in 
the  normal  cell  or  reproduced  there,  and  AA’hether  remaining  in  the  cell 
or  throAvn  out  into  the  circulation,  is  antitoxin. 

Ehrlich  attempts  to  separate  into  its  constitiient  toxoids  and  toxin 
each  culture  bouillon  i^y  a  formula  Avorked  out  by  him.  He  believes 
that  his  inAmstigations  shoAV  that  the  total  amount  of  pure  toxin  Avhich 
neutralizes  one  unit  of  antitoxin  is  200  minimal  fatal  doses,  and  that 
in  ordinary  cidture  fluids,  AA’hich  are  mixtures  of  toxoids  and  toxin, 
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an  antitoxin  unit  neutralizes  200  fatal  closes  of  toxin  minus  the 
number  of  toxin  molecules  changed  into  toxoid  molecules.  Letting 
A  =  number  of  toxin  molecules  and  Z  =  epitoxoids,  then  one  unit 
of  antitoxin  fully  neutralized  equals  (200  —  A  —  Z)  toxoid-antitoxin 
H-  A  toxin-antitoxin  -j-  Z  epitoxoid-antitoxin.  By  toxoids  are  desig¬ 
nated  both  protoxoids  and  syntoxoids. 

To  find  epitoxoids  his  first  step  is  to  add  as  much  toxin-toxoid  mix¬ 
ture  to  the  quantity  of  the  toxic  fluid  which  just  neutralized  one  unit 
of  antitoxin,  as  shown  by  the  complete  health  after  its  injection  of 
the  guinea-pig,  as  will  suffice  to  produce  death  on  the  fourth  day. 
This  amount  will  always  be  found  to  be  above  three  fatal  doses.  This 
apparently  excessive  amount  he  believes  to  be  explained  by  the  fact 
that  part  of  the  almost  harmless  epitoxoids  has  been  displaced  by  toxin. 
Ehrlich  considers  death  on  the  foiirth  day  to  be  caused  by  one  free 
minimal  fatal  dose  of  toxin. 

Let  us,  as  Ehrlich,  lump  syntoxoids  and  protoxoids  together  under 
the  name  “  toxoids,”  then  suppose  wc  have  a  toxin  composed  of  50 
toxin  molecules  +  50  (syntoxoids  and  protoxoids)  toxoids  and  100 
epitoxoids.  To  satisfy  these  200  molecules  of  toxin,  toxoids  and  epi¬ 
toxoids  we  add  one  unit  of  antitoxin.  After  chemical  combination 
we  have  50  toxin-antitoxin  and  50  toxoid-antitoxin  and  100  epitoxoid- 
antitoxin.  To  displace  the  epitoxoids  from  the  antitoxin  we  would 
have  to  add  enough  fatal  doses  to  contain  100  molecules  of  toxin  and 
toxoids,  this  would  be  then  50  of  toxin  and  50  of  toxoid.  A  half 
molecule  more  of  each  would  leave  a  pure  toxin  molecule,  which  would, 
according  to  Ehrlich,  cause  the  guinea-pig’s  death  in  four  days. 

Ehrlich’s  formula  to  find  the  epitoxoids  is: 

v.ntnvm.iQ  _ -‘****  ('^  IS)  wliicli  witli  tlic  iibovc  toxiii  _  200  X 

(Lj.  —  L„  —  IS)  would  be  —  50 50 — 

*  200  =  number  of  molecules  of  toxin  or  toxoid  required  according  to  Ehr¬ 
lich  to  neutralize  one  unit  of  antitoxin. 

t  L,=  fatal  doses  of  toxin  required  to  kill  a  guinea-pig  in  four  days  after 
having  been  mixed  with  one  unit  of  antitoxin. 

J  L„  =  fatal  doses  of  toxin  required  to  fully  neutralise  one  \init  of  anti¬ 
toxin. 

§  1,  though  given  by  Ehrlich,  appears  to  us  to  be  incorrect,  for  by  his  own 
statement  one  molecule  of  toxin  and  toxoid  would  be  added,  not  1  of  toxin 
(1  fatal  dose)  alone.  The  amount  to  be  subtracted  from  the  difference 
between  L  and  Lo  would  therefore  be,  not  one,  but  a  fraction  of  one. 
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The  above  summary  merely  gives  an  outline  of  Ehrlich’s  most  inter¬ 
esting  article.  To  become  fully  ac<inainted  with  the  reasons  for  his 
theories  the  article  itself  must  be  carefully  read.  He  concludes  with 
the  statement  that  his  investigations  have  cleared  up  the  difficulties 
surrounding  the  estimation  of  the  amount  of  antitoxin  in  any  given 
quantity  of  serum,  and  that  the  formula  resulting  from  his  investiga¬ 
tions  enables  us  to  determine  in  any  selected  toxic  diphtheria  culture 
fluid  the  amounts  of  toxin  and  toxoid  present,  so  that  a  unit  of  anti¬ 
toxin  is  no  longer  a  A'arying  quantity,  but  of  an  exact  and  determin¬ 
able  size  and  one  which  can  at  any  time  be  reproduced. 

Interest  in  both  his  theoretical  reasoning  and  in  his  practical  con¬ 
clusions  led  us  to  subject  both  to  a  series  of  tests  which  have,  we  be¬ 
lieve,  added  some  interesting  facts  to  those  already  published  by 
Ehrlich  as  well  as  cast  doubts  on  some  of  his  conclusions. 

ORIGINAL  INVESTIGATIONS. 

In  the  following  pages  are  given  the  results  obtained  by  testing  the 
toxicity  in  guinea-pigs  and  the  neutralizing  value  upon  antitoxin  of 
fluid  removed  from  bouillon  cultures  of  different  diphtheria  bacilli 
after  varying  periods  of  growth. 

Eive  cultures  of  diphtheria  bacilli  were  used.  Two  of  these  were 
employed  for  the  most  important  of  the  experiments  and  a  short  de¬ 
scription  of  these  may  be  of  value. 

One  of  them,  No.  8,  was  obtained  three  3'ears  ago  from  a  case  of  mild 
tonsillar  diphtheria.  For  these  three  years  this  special  culture  has  never 
been  ])assed  through  animals,  but  has  been  transplanted  to  fresh  bouillon 
e\erv  two  to  three  days.  It  has  kept  almost  intact  its  original  virulence. 
It  kills  250-grm.  guinea-pigs  in  doses  of  about  .005  cc.  of  a  48-hour 
bouillon  culture  in  from  four  to  five  days,  and  produces  a  toxin  in  from 
two  to  five  daj's  of  such  a  strength  that  usually  .005  cc.  of  the  filtered 
bouillon  culture  kills  within  five  daA's  most  guinea-pigs  weighing  250 
grammes.  The  toxin  produced  by  this  bacillus  has  been  constantly 
employed,  with  apjiarently  uniform  results  in  testing  antitoxin. 

The  other  culture.  “  Greenwood,”  was  obtained  six  months  ago  from  a 
case  of  diphtheria  occurring  in  a  localized  epidemic  in  a  town  situated  iu 
an  isolated  mountainous  district.  This  epidemic  was  remarkable  for  the 
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frequency  Avith  'which  paralysis  appeared  in  rather  mild  cases.  This 
peculiarity  is  noticed  in  its  effects  in  animals.  The  other  three  cultures 
were  obtained  one  year  ago  from  cases  of  diphtheria  occurring  in  Xew 
York  City.  These  four  cultures  are  of  only  moderate  virulence  and 
have  been  transplanted  to  fresh  bouillon  every  few  weeks. 

The  bouillon  used  for  the  development  of  toxin  for  these  experiments, 
after  being  prepared  from  meat  in  the  nsual  way,  was  first  poured  into  a 
single  vessel  and  made  neutral  to  litmus.  After  adding  to  each  litre  of 
this  common  stock  of  nentral  bouillon  seven  cmbic  centimetres  of  normal 
soda  solution,  the  whole  was  boiled,  filtered,  poured  into  600  ccm.  flasks, 
stoppered  with  cotton  and  covered  with  filter-paper  caps.  The  bouillon 
contained  two  ]ter  cent  of  'Witte's  peptone  and  filled  the  flasks  one-half 
full.  The  bouillon,  after  thorough  sterilization  in  the  flasks,  was  inocu¬ 
lated  from  the  pellicle  of  cultures  made  48  hours  previously.  The 
growth  of  all  cultures  was  abundant.  After  the  period  of  growth  at  35° 
C.  had  lasted  the  desired  time,  a  measured  quantity  was  withdrawn  from 
each  flask  by  means  of  sterilized  pipettes.  The  amounts  of  fluid  with¬ 
drawn  were  mingled  together  and.  after  the  addition  of  0.5  per  cent 
of  carbolic  acid,  stored  in  small  sterilized  glass  bottles,  stoppered  and 
placed  in  the  ice  chest  and  there  kept  until  nsed.  As  a  rule  a  fresh 
vial  of  “  toxin  ■'  was  used  for  each  experiment,  as  the  exposure  to  the 
air  of  the  toxin  left  in  the  bottle  is  apt  to  cause  a  deterioration  in  its 
strength. 


1  he  following  tables  give  tin*  actual  and  comparative  toxicity 
and  neutralizing  value  of  ‘‘  toxin  •’  removed  from  bouillon  cultures  (:»f 
diiflitheria  bacilli  bet-ween  the  6th  hour  and  49th  day  of  their  growth. 
Each  table  gives  the  details  of  a  single  experiment.  It  was  found 
impossible  to  rely  upon  the  L  and  L„  values  unless  all  the  guinea-pigs 
were  inoculated  at  the  same  time.  Otherwise  slight  changes  in  the 
condition  of  the  animals  and  of  the  toxin  were  found  to  make  the 
results  somewhat  inaccurate  or  at  least  subject  to  suspicion. 
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TABLE  II. 

(iiviNG  Besults  ok  Test  ok  To.xix  Pkodkceo  by  B.\cir.i,us  S  at  End  ok  (>  Houks’ 

(iKOWTH  IX  Sl.IGHTI.Y  Al,K.\MXE  ‘2;J  I’EPTOXE  BOUIEI.OX. 

Toxin  texti’d  with  one-tenth  of  an  antitoxin  a  a  it  on  account  of  the  xlif/ht  toxicity  of  the  fluid. 


Weljiht  <  f 
guiiiea-Kit;. 

.Vmouiit  lit 
toxic  boiiillou 
111  cc. 

Aiip  uii;  of 
antitoxic  serum 
In  cc. 

Besult  In  guinea-pig. 

1 

278 

3.00 

*.00012 

No  deleterious  effects. 

o 

234 

3.20 

.00012 

No  deleterious  effects. 

3 

237 

3.40 

.00012 

Slight  tempor.ary  decrease  in  weight. 

no  induration. 

4 

245 

3.00 

.00012 

Slight  temporary  decrease  in  weiglit, 

no  induration. 

a 

242 

3.80 

.00012 

Slight  temporary  decrease  in  weight. 

slight  induration. 

(i 

2.50 

4.00 

.00012 

Considerable  induration.  Death  8th 

day. 

7 

245 

4.40 

.00012 

Died  03^  days, 

8 

248 

.3700 

t.38 

Died  73-^  days,  ] 

205 

.3810 

.30 

Died  03^  days,  | 

Control  tests  of 

10 

240 

.44 

.44 

Died  53.2  days,  | 

toxin  to  estab¬ 
lish  the  minimal 

11 

22 1 

.40 

.45 

Died  434  days,  j 

fatal  dose  for  2.50- 
gramnie  guinea- 

12 

230 

.45 

.487 

Died  3'. 2  days,  j 

pigs. 

13 

240 

.  5 

.51 

Died  3 '.2  days, 

The  minimal  snrely  fatal  dose  for  every  250-grm.  guinea-pig,  estimated 
from  results  of  above  tests,  equals  0.45  cc.  One-tenth  of  a  unit,  0.00012  cc., 
of  serum  neutralized  3.40  cc.,  or  7.55  fatal  doses,  of  toxin  sufficiently  to  pro¬ 
tect  the  health  of  the  guinea-pig. 

Tlie  minimal  fatal  dose  ”  is  here  defined,  so  as  to  be  in  accord  with 
Ehrlich,  as  the  amount  which  will  kill  most  guinea-pigs  of  250  grins, 
weight  on  the  fourth  day  and  the  remainder  that  live  longer  certainly  on 
the  fifth  day.  The  amount  of  toxin  given  is  calculated  according  to  the 
gramme  weight  of  the  pig,  since  experience  has  taught  that  on  the  aver¬ 
age  guinea-pigs  weighing  between  225  and  275  grammes  are  susceptible 
to  toxin  directly  proportional  to  their  weight. 

*  .00012  cc.  of  this  serum  equals  one-tenth  of  an  antitoxin  unit  as  stand¬ 
ardized  by  Ehrlich’s  test  serum. 

f  Equivalent  amount  of  toxin  for  a  250-grm.  guinea-pig. 


TABLE  III. 


Giving  Results  of  Test  of  Toxin  Produced  by  B.4cildus  8  at  end  of  2‘2  Hours’ 
Growth  in  Same  Culture  as  Tested  at  G  Hours. 


bi) 

-  *5. 

Amount 
toxicboull- 
lon  In  cc. 

Amount 
serum  ; 
In  cc. 

Result  In  animal. 

Mvj  a 
—  o  © 

^  1 
bfi 

Weight  on  5th 
day. 

Amount  Indura¬ 
tion  on  5th 
day. 

General  condition  on 
6th  day,  It  alive. 

1 

200 

2.00 

.0012 

265 

None. 

Good. 

2  1 

257 

2.10 

.0012 

242 

Slight. 

Good. 

3  i 

250 

2.10 

.0012 

237 

Considerable. 

Good. 

4 

252 

2.20 

.0012 

215 

Considerable. 

Sick. 

5 

205 

2.30 

.0012 

‘225 

Considerable. 

Dying. 

6 

7 

1  252 

1  250 

2.38 

2.40 

.0012 

.0012 

Marked. 

Dead  on  5th  day. 
Dead  on  3rd  day. 

8 

9 

'  248 

1  248 

.016 

.018 

*.010 

.018 

Died  0th  day.  ^ 
Died  4th  day. 

Control  tests  of  toxin  to  establish 

10 

i  232 

.0108 

.018 

Died  6th  day. 

V  the  minimal  fatal  dose  for  a 

11 

;  238 

.020 

.021 

Died  3rd  day.  ^ 

250-grm.  guinea-pig. 

Mioiinal  fatal  dose  estimated  to  be  about  .019  cc. 
Lo=~. 00=108.4  minimal  fatal  doses. 

L.f.=2. 39=125.8  minimal  fatal  doses. 

L  ; — L„=.33=17.4  fatal  doses. 


Epitoxoids  bj'  Ehrlich’s' formula 


200  X  16.4 
10  8. 4+ 10. 4 


=27. 8. 


.0012  cc.  of  this  scrum  equals  one  unit  of  Ehrlich’s  test  serum. 


TABLE  IV. 


Giving  Results  of  Test  of  “Toxin”  Produced  hv  B.ycillus  8  at  End  of  48  Hours’ 


Growth. 

Tested  viI-G-’98. 

Weight  of 
guluea-idg. 

Amount  of 
toxin  In  cc. 

Amount 

serum 

In  cc. 

Result  In  animal. 

Weight 
on  5th 
day. 

luduraUor/on  '  General  condition  on 

5th  day.  i  ""■y- 

1 

220 

..500 

.0012 

239 

Pin-point. 

Good. 

O 

224 

.512 

.0012 

222 

Bean-sized.  Good. 

3 

288 

..524 

.0012  • 

280 

Slight. 

Good. 

4 

257 

..530 

.0012 

248 

Moderate. 

Good. 

5 

270 

..548 

.0012 

250 

Considerable. 

Good. 

6 

202 

.  500 

.0012 

238 

Marked. 

Good. 

7 

‘235 

.582 

.0012 

170 

Marked. 

Sick  (died  vii-13). 

8 

205 

.594 

.0012 

217 

Marked. 

Sick  (died  vii-14). 

9 

250 

.004 

.0012 

192 

Marked. 

Very  sick  (died  vii-12). 

10 

280 

.010 

.0012 

Died  vii-1 0  (4th  day). 

11 

204 

.028 

.0012 

Died  vii-9  (3rd  davj. 

12 

200 

.0002 

t.oooo 

Died  vii-12  (0th  day). 

Control  tests  of  toxin 

13 

2.59 

.0007 

.0005 

Died  vii-12  (0th  day). 

to  establish  the 

14 

272 

.0070 

.0070 

Died  vii-12  (0th  day). 

four-day  or  “mini- 

15 

240 

.0073 

.0075 

Died  vii-10  (4tli  dav). 

mal  fatal  ”  dose 

10 

24(; 

.0083 

.0085 

Died  vii-12  (0th  day). 

for  250-grm.  guinea- 

17 

248 

.0089 

.0090 

Died  vii-9  (3rd  day). 

pis- 

.0075  estimated  minimal  fatal  dose  for  250-grm.  guinea-pig. 
L_,.  =  .010  =  81.33  fatal  doses. 

L„  =  .512  =  08.20  fatal  doses. 

L_^  —  L„  =  .098  =  13.07  fatal  doses. 

Epitoxoids  by  Ehrlich’s  formula  30.’ 


*  Equivalent  of  toxin  dose  for  a  250-grm.  guinea-pig. 
-j- Equivalent  amount  for  a  250-grm.  guinea-pig. 
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TABLE  V. 

Giving  Results  of  Test  op  Toxin  Phoduceu  bv  Bacii.i.us  8  at  end  of  <>  Days. 


Weight 

of 

gulnea-pig. 

200 

210 

214 

217 

212 

254 

208 

208 


Amount  of 
antitoxin 
In  cc. 

.0012 

.0012 

.0012 

.0012 

*.0055 

.0055 

.0058 

.0002 


Amount  of 
toxin 
in  cc. 

.48 

.48 

..51 

.53 

.0047 

.00.50 

.0050 

.00.52 


Result  in  animal. 


Remained  full  weifjlit  and  alive. 

Died  with  paralysis  after  20  days;  on  llth 
well  and  full  weight. 

Died  in  334  days. 

Died  in  4)4  days. 

Died  4th  dav. 


Died  7th  day.  j 
Died  7th  day. 
Died  4th  day.  J 


Control  tests  to  establish 
four-day  fatai  dose  for 
guinea-pigs. 


Estimated  minimal  fatal  dose,  .0002. 
L^— .53.5=:80.3  fatal  doses. 

L„=. 475=70.0  fatal  doses. 

Lj — Lo=.00=0.7  fatal  doses. 
Epitoxoids  by  Ehrlich’s  formula=20.10. 


The  toxin  from  the  Greenwood  culture  could  not  be  tested  before 
3  days,  since  up  to  48  hours  the  culture  tluid  was  not  toxic.  IMiniiiial 
fatal  dose  48  hours  =  5  cc. 


TABLE  VI. 


SnowiNO  Results  of  Testing  Toxin  Removed  at  end  of  72  Houiis’  Gkowtii 
FitOM  Gueenwood  Cultuke. 


Weight 

of 

guiuea-ulg. 

Amount  of 
toxin 

In  cc. 

Amount  of 
serum 

In  cc. 

220 

.5.00 

.0012 

260 

6.00 

.0012 

248 

6.80 

.0012 

225 

7.30 

.0012 

228 

.050 

t.055 

238 

.056 

.060 

210 

.0546 

.065 

Result  In  animal. 


Unaltected. 

Slight  induration. 

Died  7th  day. 

Died  2ud  day. 

Died  in  0  days.  1  Control  tests  of  toxin 
Died  ill  334  days.  ■  for  minimal  fatal 
Died  ill  3K  days.  J  dose. 


Four-day  or  minimal  fatal  dose  of  toxin  estimated  at  .058. 

L„=about  5.05=102.1)  fatal  doses. 

L  I  =about  7.00=120.7  fatal  doses. 

L| — Lo=about  1.10=18.1  fatal  doses. 

Epitoxoids  by  Ehrlich’s  forniiila=20. 

*  This  culture  was  developed  in  a  different  flask  of  bouillon  from  that 
used  for  the  other  tests.  The  bouillon  was  from  different  meat,  but  was 
otherwise  similar. 

•|  Equivalent  for  250-grm.  guinea-pig’. 

35 
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TABLE  VII. 


Showing  Uksui.ts  op  Testing  Toxin  Uemoved  at  end  ok  (!  Days’  (Jhowtii  khom 
(i  keen  WOOD  OlII, TITHE. 


Weight 

of 

guiuea-plg. 

220 

103 

105 

200 

Amount  of 
toxin 

In  cc. 

.4172 

.4323 

.0312 

.038 

Amount  of 
serum 

In  cc. 

.00012 

.00012 

.00400 

.004.52 

Ilesult  In  animal. 

On  2nd  day  lost  13  gnus.,  but  on  4th  day 
regained  7  grins,  and  remained  well. 

Died  in  50  hours. 

Died  in  21.^  days.  )  Control  tests  for  minimal 
T^•  j  j  r  fatal  (lose  of  toxin  for ‘.irid- 

Died  in  days.  ^  guinea-pig. 

Estimated  minimal  fatal  dose  about  . 

,0,38. 

Oue-tentli  unit  .00012 
10.0  fatal  doses. 

completely  protected  guiuea-i)ig  from  .4172  cc. 

of  toxin  = 

L.  would  equal  about  104  fatal  doses. 

TABLE  VIII. 

Showing  Ue 

si’i.TS  OK  Testing  Toxin 

ClTI.TUKE  AT 

Uemoved  khom  Same  Fi.ask  ok  (ikeenwood 
End  ok  7  Weeks. 

Weight 

or 

guluea-plg. 

Amount 
of  toxin 

In  ce. 

Amount  of 
scrum  In  cc. 

Result. 

220 

2 

.0012 

Unaffected. 

2.50 

3 

.0012 

Slight  induration,  temporary  loss  in  weiglit. 

21“ 

4 

.0012 

Temporary  induration  and  loss  in  weiglit. 
Paralvsis  20tli  day.  Death  25tli  day. 

210 

5 

.0012 

Death  on  .5tli  day. 

215 

0 

.0012 

Death  on  2nd  day. 

245 

.10 

*.1020 

Lived,  loss  30  grams  in  weiglit. 

O  >»»- 

270 

.12 

.1110 

Lived. 

o’®  « 

237 

.13 

.  13!»0 

Lived  alter  recovering  from 
paralysis. 

0^*0  & 

tM  eS  a> 

234 

.14 

.1405 

Died  22nd  day,  paralysis. 

®  ^  ~ 

OO'J' 

.10 

.1700 

Died  24th  day,  paralysis. 

■S’”;  S 

2.50 

.18 

.1800 

Lived  after  recovering  from 
paralysis. 

-•s|g 

202 

.20 

.1007 

Died  2nd  day. 

234 

.10 

.2030 

Died  3rd  day. 

■5 

Minimal  or  four-day  fatal  dose  estimated  from  above  tests  at  .1!)  ec. 
L  ,.  =  about  5.10  =  20.8  fatal  doses. 

L„  =  “  8.00  =  1.5.8  “  “ 

L,  —  L„  =  about  2.10  =  1 1.0  fatal  doses. 


Epitoxoids  by  Ebrlieli’s  formula, 


200x  10  _  2000 

1.5.8 -f  10  “ 


TJie  uiiiisiial  ainouiit  of  paralysis  iu  the  guinea-pigs  receiving  niiicli  less 
than  the  four-ilay  fatal  dose  is  very  striking  in  the  above  series.  Toxin 
from  this  culture  of  shorter  duration  of  growth  had  this  same  cliaracter- 
istic.  but  to  a  less  extent. 


*  This  column  of  figures  shows  equivalent  toxin  for  a  250-grm.  guinea-pig. 
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TABLE  IX. 

Givino  Minimal  Fatai,  Dose;  Number  oe  Fatal  Doses  of  Toxin  Neutralized  bv 
One  Unit  of  Antitoxin  Sufficiently  to  Protect  Life  of  Animal  for 
I  Days.  Lt  ;  to  Protect  the  Health  of  the  Ani.mal,  Lo;  the 
Difference  between  Lj  and  Lo;  and  the  Amount  of 
Epitoxoids  as  determined  by  Ehrlich’s  Formula. 


Culture  8 
development. 

Minimal 
fatai  dose 
in  cc. 

Lf  in 

miuimai  fatal 
doses. 

L„  In 

minimal  fatal 
doses. 

L4.  —  Lo  in 
minimal  fatal 
doses. 

toxoids  (Ehrlich), 
imber  of  mole- 
les  in  amount  of 
lOXln  ”  required  to 
utrallze  one  unit. 

0.^  5:3 

6  hours  . 

.4.5 

*72 

22  hours  . 

.019 

12.5.8 

108.4 

17.4 

27.8 

t28  hours  . 

.018 

91.0 

77.7 

13.9 

28 

48  hours  . 

.007.5 

81.33 

08.20 

13.07 

30 

t48  hours  . 

.010 

81.2 

73  4 

7.8 

17 

t  0  days  . 

.0002 

SO.o 

70.0 

9.7 

20.10 

t  .3  weeks . 

.009.5 

42.3 

34.2 

8.1 

34.3 

t  8  weeks  . 

.008 

31.0 

21 

10.0 

40.8 

Culture 

Greenwood. 

days . 

.0;58 

120.7 

102.0 

18.1 

29 

0  days  . 

.038 

*104 

7  weeks  . 

.1!» 

20.8 

1 .5. 8 

11 

77. 5 

'Pile  above  tabulated  results  obtained  from  testing  the  absolute  and 
comparative  toxicity  and  neutralizing  value  upon  antitoxin  of  duid 
removed  at  different  periods  in  the  growth  of  two  cultures  are  certainly 
striking,  and  fully  substantiate  Ehrlich’s  claim  that  the  original 
Behring-Ehrlich  definition  of  an  antitoxin  unit  is  very  insuificient. 
d’he  small  number  of  fatal  doses  of  0-hour  “  toxin”  which  .1  unit  of 

*  Estimated  from  the  number  of  fatal  doses  sufficientlj’  neutralized  by 
one-tenth  of  a  unit  to  protect  the  health  of  the  guinea-pig. 


t  The  bouillon  in  which  this  toxin  was  formed  was  different  from  that  in 
which  the  others  developed. 
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antitoxin  nentralizod — 7.5,  wliieli  is  the  eqiiivalent  of  abont  72  for  one 
nnit — surprised  ns,  for,  according  to  Ehrlich’s  theories,  we  should  ex- 
})c-ct  the  ‘‘  toxin  ”  to  be  neai’cr  purity  then  than  at  22  hours.  It  is 
probable  that  changes  produced  in  the  culture  bouillon  account  for  this 
and  later  unexpected  results.  A  second  peculiar  result  of  the  test 
was  the  rapid  decrease  (from  126  to  91)  iu  the  niunber  of  fatal  doses 
required  to  ncuti’alize  one  unit  between  the  22nd  and  the  2Sth  hour, 
to  be  followed  by  slight  irregular  changes  (81  at  48  hours,  80  at  0 
days)  before  the  final  apparently  permanent  tendency  to  decrease  (42 
at  3  weeks,  31  at  0  weeks). 

Toxin  ”  from  culture  Greenwood  in  its  test  at  3,  0  and  49  days 
shows  also  very  marked  variations  in  the  actual  and  in  the  comparative 
toxicity  and  neutralizing  strength  of  the  culture  bouillon.  We  note 
that  at  3  days  the  culture  fluid  required  120  fatal  doses  to  neutralize 
one  unit,  about  the  same  amount  as  culture  8  required  at  22  hours. 
The  variation  in  these  two  cultures  is  more  apparent  than  real  in  that, 
although  the  neutralizing  value  of  a  fatal  dose  Avas  different  at  similar 
])eriods  of  growth,  nevertheless  Avhen  we  consider  that  culture  8  began 
to  produce  toxin  immediately  and  culture  Greenwood  only  at  the  end 
of  48  hours,  Ave  see  that  at  about  the  same  period  in  their  toxin  pro¬ 
duction  the  neutralizing  A'alue  of  a  minimal  fatal  dose  Avas  about  the 
same  in  both. 

Before  discussing  further  these  tests.  Ictus  examine  the  neutralizing 
value  of  a  fatal  dose  in  different  cultures,  groAvn  in  similar  bouillon, 
at  the  .same  period  of  groAvth  and  of  the  same  culture  in  bouillon  from 
different  sources. 

TABLE  X. 

'I'liE  Aoti'Ai.  a.ni>  Comparative  Toxioitv  and  Neiitkai.i/.ino  Vamte  ok  the  Ei.itid 
KHOM  Five  Dikkehent  Ciii.titkks  after  Six  Days  ok  Chowtii. 


Minimal  fatal  close 

Number  of  fatal  doses 

Culture. 

for  250-grm. 

neutralized  by  one-tenth 

guinea-pig. 

of  an  antitoxin  unit. 

8 

.000 

0 

213 

.08.'> 

0.70 

230 

.030 

13.0 

238 

.043 

0.07 

Greenwood 

.038 

10.0 

The  results  given  above  from  the  tests  of  the  neutralizing  value  of 
the  toxin  removed  from  five  cultures  after  6  days’  groAvth  at  36°  C., 
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the  time  when  toxin  is  usually  withdrawn  by  us,  reveals  a  great  lack 
in  uniformity  in  the  neutralizing  value  of  a  fatal  dose,  although  no 
such  difference  exists  as  in  the  case  of  the  same  culture  fluid  at  widely 
different  periods  of  development. 


The  actual  and  comparative  toxicity  and  neutralizing  value  of  the 
“  toxin  ”  produced  hy  the  same  bacillus  in  the  fluid  removed  from  two 
flasks  of  houilloii  derived  from  different  meats  hut  of  e(pial  alkalinity 
is  shown  hy  comparison  of  Tables  IV  and  XI. 

'Phe  data  upon  the  tests  of  one  culture  houilloii  removed  48  hours 
after  inoculation  with  bacillus  8  have  been  given  already  in  'Fable  IV. 

'I’he  minimal  fatal  dose  was  .0075. 


L,_  =  .010  or  81.33  fatal  doses. 

Lj,  =  .512  or  08.20  fatal  doses. 

'Fhe  data  of  the  test  of  the  “  toxin  ”  developed  hy  the  same  bacillus 
8  in  a  different  bouillon  is  given  fully  in  'Fable  XI,  since  a  compai'i- 
son  of  the  two  is  im])ortant,  in  that  the  uniformity  of  the  two  toxins 
indicates  the  ])ossibility  of  the  same  bacillus  under  suitable  conditions 
furnishing  a  toxin  of  always  about  the  same  relative  toxicity  and 
neutralizing  power. 

TABLE  XI. 


Tkst  or  Toxin  I’hoduced  »y  n.\ciT.i,us  8  at  the  em>  of  48  Hours  in  a  Bouh.i.on 

DIFFERENT  FROM  THAT  UECORDED  IN  TAHI.E  IV. 


Weight 
ot  guliiea- 
plK- 

Amount  ot 
toxic  bouillon 
In  cc. 

Amount 
of  serum 

In  cc. 

Result  In  animal. 

1. 

265 

1.125 

.0012 

Unatrectcd. 

2. 

263 

1.15 

.0012 

Sliijlit  skin  necrosis.  No  loss  in  weight. 

3. 

270 

1.175 

.0012 

Sliglit  induration. 

No  loss  in  wciglit. 

4. 

!377 

1.20 

.0012 

Deatli  7tli  dav. 

5. 

257 

1.30 

.0012 

Deatli  4th  day. 

0. 

250 

.011 

*.011 

Died  Util  day.  I 

7. 

8. 
It. 

10. 

235 

250 

205 

264 

.0112 

.0106 

.0118 

.0158 

.012 

.013 

.014 

.015 

Died  21st  day  af¬ 
ter  jiaralysis. 
Died  6th  day. 

Died  6tli  day. 

Died  5tli  daj'. 

Control  tests  of 
toxin  to  establish 
four-day  fatal  dose 
in  guinea-pigs. 

11. 

240 

.0153 

.016 

Died  4th  day. 

Minimal  or  four-day  fatal  dose  estimated  at  .010  ce. 
L|-1.S0=81.2. 

L„=1. 175=73.4. 

L|  —  L„=125=7.8. 

Epitoxoids  “  Ebrlich  ”=17. 


*  The  equivalent  in  a  2riO-griH.  guinea-pig  of  the  amount  of  toxin  given  in 
the  actual  animal. 
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Certainly  the  toxins  prodiiced  by  bacillns  8  in  these  two  different 
bonillons  as  g’rten  in  the  Tables  IV  and  XI  are  remarkably  similar  in 
the  neutralizing'  A'alne  of  a  fatal  dose,  althongh  the  toxicity  of  one 
toxin  as  shown  in  Table  XI  is  only  one-half  of  the  other  as  shown  in 
Table  IV.  Six  toxins  developed  during  the  six-days’  growth  of  cul¬ 
tures  of  Xo.  8  in  slightly  alkaline  bouillon  have  at  different  times  in 
the  past  throe  years  been  usecl  in  antitoxin  tests,  and  all  have  had 
nearly  the  same  antitoxic  neutralizing  value  for  a  fatal  dose. 

d’hese  results  have  encouraged  us  to  hope  that,  with  a  closer  study 
of  the  relations  existing  between  the  changes  taking  place  in  the 
bouillon  during  the  different  stages  of  the  growth  of  the  bacilli,  and 
of  both  the  development  of  the  toxin  and  its  neutralizing  value,  we 
may  be  able  to  obtain  from  any  culture  of  known  characteristics  at  a 
certain  period  of  its  toxin  production  a  toxin  of  always  about  the  same 
neutralizing  power.  A  comparison  between  different  laboratories  of 
the  neutralizing  value  of  the  toxins  produced  by  their  bacilli  would 
help  to  obtain  this  information. 

Later  it  would  be  a  very  simple  matter  to  select  one  of  the  cultures 
which  proved  most  constant  in  its  characteristics  and  distribute  this  to 
all  the  testing  laboratories  of  a  country.  In  this  way  the  relative 
toxicity  and  neutralizing  value  of  the  culture  fluid  grown  under  the 
most  varying  conditions  would  soon  become  known. 

When  we  examine  the  results  of  the  above  tests  they  do  not  appear 
to  us  to  reveal  the  presence  of  a  substance  of  such  a  nature  as  that  of 
the  epitoxoids,  as  defined  by  Ehrlich,  nor  do  they  seem  to  indicate  the 
possibility  of  detecting,  except  in  so  far  as  comparative  tests  suggest, 
the  purity  or  constituents  of  a  fatal  dose  of  diphtheria  culture  flixid 
or  “  toxin.”  If  epitoxoids  have  the  properties  described  by  Ehrlich, 
then  they  should  in  proportion  to  their  presence  increase  the  gap 
between  L :  and  Lq,  but  we  find  no  evidence  of  this  in  the  tables  for 
the  fluids  having  by  Ehrlich’s  formula  and  theory  far  the  greatest 
amount  of  epitoxoids;  the  deteriorated  seven  and  eight- weeks’  toxins 
have  almost  .,he  smallest  gap  between  L ,  and  Lo-  Again  we  find  de¬ 
cidedly  more  epitoxoids  at  the  end  of  22  and  48  hours’  growth  of  the 
culture  8  than  at  6  days  and  3  weeks.  This  certainly  seems  unlikely, 
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for  with  the  increased  amount  of  deteriorated  toxin  present  in  the 
cnltiire  of  longer  growth  in  the  incubator,  we  should  expect  an  in¬ 
crease,  not  a  decrease  of  epitoxoids,  if  such  exist.  Again  the  remark¬ 
able  variations  in  number  of  fatal  doses  required  to  neutralize  one 
unit  between  the  6,  22,  28  and  48-hour  toxin  are  difficult  to  under¬ 
stand  on  Ehrlich’s  theory. 

There  is  indeed,  with  the  use  of  increased  (piantities  of  antitoxin,  a 
larger  and  larger  gap  between  the  amount  of  toxin  which  just  suffices 
to  produce  a  slight  temporary  induration  or  effect  upon  the  health  of 
the  test  guinea-pig  and  the  amount  w'hich  kills  upon  the  fourth  day. 
This  difference  is  about  three  fatal  doses  when  one-tenth  of  a  unit  is 
neiitralized  and  about  eight  to  fourteen  when  one  unit  is  employed. 
In  the  above  tables  it  will  be  seen  that  there  is  an  average  of  about  8 
fatal  doses  between  the  amount  of  toxin  which  kills  a  guinea-pig  on 
the  foiirth  day  and  the  amount  which  kills  at  a  later  period  from 
paralysis  or  increased  w'eakness.  This  amount  is  not  greater,  how¬ 
ever,  in  the  old  deteriorated  toxin  than  in  the  fresh,  and  shows  great 
variations. 

dliis  inhibition,  through  antitoxin,  of  the  otherwise  quickly  fatal 
effect  of  such  an  excess  as  six  to  ten  fatal  doses  of  toxin,  suggests  a 
difficulty  in  accepting  as  proven  the  chemical  theory  of  the  neutraliz¬ 
ing  effect  of  antitoxin  as  being  due  to  its  direct  combination  with  the 
toxin. 

Ehrlich  not  only  forms  a  theory  to  explain  the  varying  neutralizing 
value  of  a  fatal  dose  of  toxin,  but  through  a  formula,  as  already  stated 
in  the  earlier  part  of  this  article,  he  attempts,  and,  as  he  believes,  at¬ 
tempts  successfully,  to  separate  a  fatal  dose  of  “  toxin  ”  into  its  con¬ 
stituents  and  thus  detect  with  accuracy  what  amount  of  antitoxin  it 
should  neutralize.  He  claims  that  by  such  separation  only  can  a 
toxin  and  therefore  an  antitoxin  be  properly  standardized.  Neither 
his  theoretical  reasoning  nor  the  results  of  the  working  of  his  formula 
seem  to  iis  convincing  of  the  accuracy  of  these  claims.  Not  only  the 
weight  of  Ehrlich’s  authority,  but  the  practical  importance  to  all 
those  who  test  antitoxin  of  his  conclusions,  demand  that  we  discuss  his 


views. 
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Upon  the  foiir-day  limit  of  life  for  a  gninea-pig  which  has  received 
a  fatal  dose  of  toxin  he  obtains  the  values  of  L+,  Lq,  and  therefrom  the 
epitoxoids.  A  dose  of  toxin  which  kills  most  250-grm.  guinea-pigs  in 
four  days  is  for  practical  purposes  called  the  minimal  surely  fatal 
dose  for  all  pigs  of  that  weight.  It  is,  however,  an  arbitraiy  standard, 
and  is  in  fact  much  more  than  the  minimal  fatal  dose  for  most  guinea- 
])igs.  A  glance  at  the  control  pigs  in  any  tabic — Table  IV  is  a  good 
example — will  show  how  much  beyond  the  actual  fatal  dose  for  guiiiea- 
])igs  is  the  amount  which  kills  on  the  fourth  day.  A  minimal  fatal 
dose  for  a  single  pig  will  kill  at  the  end  of  a  week  or  ten  days,  or  later 
still  by  paralysis  in  the  2nd  or  3rd  week.  This  seems  so  apparent  as 
hardly  to  need  stating. 

If,  however,  Ehrlich  should  choose  such  a  real  limit,  or  even  put  it 
at  the  sixth  or  seventh  day,  it  would  entirely  alter  the  values  of  L_^  and 
Lo,  and  therefore  the  results  of  his  fonnula.  The  value  of  L,  can  be 
fairly  accurately  determined,  but  not  that  of  Lo,  since  slight  induration 
or  loss  of  weight  may  or  may  not  occur  in  ditferent  animals  from  the 
same  amounts.  His  assumption  that  one  unit  of  antitoxin  neutralizes 
200  fatal  doses  of  pure  toxin  or  of  its  derivatives  seems  to  us  purely 
theoretical.  Even  if  the  toxin  molecules  be  divided  as  he  believes, 
still  in  any  given  bouillon  there  is  actual  destruction,  as  well  as  pro¬ 
duction,  going  on  all  the  time  of  all  substances,  not  only  those  toxic 
to  guinea-pigs,  but  also  of  those  which,  though  not  toxic,  still  neutralize 
antitoxin. 

If  Ehrlich’s  formula  really  revealed  the  nature  of  a  toxin,”  it 
should  answer  when  employed  with  larger  or  smaller  ainonnts  of  anti¬ 
toxin  than  one  unit.  The  L,,  I.,,,,  and  the  minimal  fatal  dose  should 
have  the  same  relative  value  when  .1,  1  or  10  units  of  antitoxin  ani 
mixed  with  A’arying  amounts  of  toxin.  Tlu^  200  would  merc'ly  become 
20  or  2000.  If,  however,  we  test  the  fornnila  by  solving  the  same 
toxin  when  ditferent  known  (piantities  of  antitoxin  are  einploytHl,  the 
amount  of  epitoxoids  will  vary  with  every  test;  thus  toxin  from  cul- 
tui’e  Greenwood  of  three  days’  growth  tested  against  1  unit  shows: 
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TABLE  XII. 

CiKEENWooi)  To.xin  ok  Three  1).\ys’ (Jrowth,  the  Fi.uid  being  the  Same  as  Testeh 
IN  Tabi.k  VI  .\NH  Tested  at  the  Same  Time. 


Welglit  of 
guiuea-pig. 

Amouut  ot 
toxic  bouillon 

In  cc. 

Amount  of 
serum 
lu  cc. 

Result  in  animal. 

1. 

24.5 

.80 

.00012  =  .!  unit 

Unatfeeted. 

2. 

247 

.84 

.00012  =  .!  unit 

Died  8tb  day. 

3. 

222 

.80 

.00012  =  .!  unit 

Died  8tb  day. 

4. 

247 

.88 

.00012  =  .!  unit 

Died  4tb  day. 

Miiiiiiial  fatal  dose  .0.58  (see  Table  VI). 

!.(,  =:  .88  =  1.5.2  fatal  doses. 

Lg  =  .80 -|-  =  13.9  fatal  doses. 

L  i  —  L„  =  .08  -1-  =  1 . 3  fatal  doses. 

Epitoxoids  in  .  1  unit  = _ 1 _ i _ ? _ ’  = _ =  .42 

13.9-f  (L..— Lo— 1)  13.9  plus  .3 

Epitoxoids  in  1  unit  =:  4.2. 

Epitoxoids  in  the  same  toxin  tested  by  formula  when  1  unit  of  antitoxin  is 
employed  =  29. 

'I'liis  table  illustrates  also  that  tlie  new  method  of  grading  the  value 
on  the  L...  amount  with  one  unit  is  somewhat  more  severe  than  the 
old  method  of  grading  upon  the  Lo  with  one-tenth  of  an  antitoxin  unit. 

SILNOIARV  AXD  COXCLUSIOXS. 

lentil  recently  dijihtheria  toxin  ”  was  sniiposed  to  be  a  single  defi¬ 
nite  substance  and  to  have  a  definite  toxicity  in  animals  and  neutraliz¬ 
ing  junver  for  antitoxin.  .V  fatal  dose  of  toxin,  without  regard  to  the 
conditions  under  which  it  was  prodiici'd  or  preserved,  ivas  supposed  to 
ri'ipiire.  always  the;  same  quantity  of  antitoxin  to  neutralize  it.  Ehr¬ 
lich’s  researclu's  have  conqiletely  done  away  with  this  theory,  and 
have  sub.stituted  for  it  one  which  assunu's  the  toxin  to  be  only  at  its 
origin  a  singh*  di'finite  cluMiiical  compound  with  definite  (diysiologTcal 
and  antitoxic  jiroperties.  According  to  Khrlich  the  toxin  is  an  iin- 
stabh^  substanc(‘.  which  readily  loses  its  toxicity,  while  at  the  .same 
time  its  affinity  for  antitoxin  may  be  either  increased  or  decreased. 
Its  neutralization  by  antito.xin  he  considers  to  be  due  to  a  chemical 
union  between  the  toxin  and  the  antitoxin. 

'I’he  results  of  our  exiieriments  as  detailed  in  this  paper  are  fully  in 
aceoril  with  those  published  by  Khrlich,  as  to  tin*  varying  neutralizing 
3f) 
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A'ahie  of  a  minimal  fatal  dose  of  toxin  tliey,  however,  go  further 
and  indicate  roughly  a  general  law  in  accordance  with  which  these 
changes  occur. 

The  neutralizing  value  of  a  fatal  dose  of  toxin  is  at  its  lowest  in  the 
culture  fluid  when  the  first  considerable  amounts  of  toxin  have  been 
produced.  After  a  short  period,  during  which  the  quantity  of  toxin 
in  the  fluid  is  increasing,  the  neutralizing  value  of  the  fatal  dose 
begins  to  increase,  at  first  rapidly,  then  more  slowly. 

'While  the  culture  is  still  in  vigorous  growth  and  new  toxin  is  being 
produced,  the  neutralizing  value  of  the  fatal  dose  fluctuates  some¬ 
what,  hut  with  a  generally  upward  tendency.  After  the  cessation  of 
toxin  production  the  neutralizing  value  of  the  fatal  dose  increases 
steadily  Tintil  it  becomes  five  to  ten  times  its  oi'iginal  amount. 

In  our  experiments  the  greatest  vahie  for  L,  was  126,  the  least  27. 
As  at  6  hours  L  .  was  only  72  and  at  28  hours  only  91,  we  doubt 
whether  L .  ever  reaches  above  150,  and  therefore  hardly  expect  Ehr¬ 
lich’s  figures  of  200  to  he  realized.  When  we  seek  to  analyze  the 
above-described  process,  we  find  certain  facts  which  seem  pai'tly  to 
explain  it.  Experiments  have  shoAvn  that  filtered  toxin,  pi’eserved  for 
any  length  of  time  in  conditions  under  which  access  of  air  occurs, 
gradually  loses  in  both  its  toxicity  and  neutralizing  ])ower,  and  that  it 
loses  more  rapidly  in  the  former  property  than  in  the  later.  Thus, 
while  the  fatal  dose  of  a  toxin  preserved  for  one  year  rose  from  .01  cc. 
to  .55  cc.,  it  lost  only  half  as  much  in  neutralizing  value,  one  unit 
neutralizing  at  first  1  cc.,  at  the  end  of  the  year  25  cc.  These  pro¬ 
cesses  take  place  more  rapidly  at  room  tenqierature  than  in  the  ice 
chest,  and  in  the  incubator  than  in  the  room. 

In  the  fluid  holding  the  living  bacilli  we  have,  therefore,  after  the 
first  few  hours  of  toxin  formation,  a  double  ]U'o<*ess  going  on,  one  of 
deterioration  in  the  toxin  already  accumnlated,  which  tends  to  increase 
the  neutralizing  value  of  the  fatal  dose,  the  other  of  uoav  toxiu  forma¬ 
tion,  which  probably  tends  to  diminish  the  neuti’alizing  value.  The 
chemical  changes  produced  by  the  growth  of  the  bacilli  iu  the  bouillon 
tend  to  aid  one  or  the  other  of  these  processes  and  so  to  make  from 
hour  to  hour  slight  changes  in  the  value  of  the  fatal  dose,  liater, 
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with  the  period  of  cessation  of  toxin  production,  the  gradual  deterio¬ 
ration  of  the  toxicity  alone  continues,  and  tlie  fatal  dose  gradually 
and  steadily  increases  in  its  neutralizing  value. 

Ehrlich’s  theories,  as  to  the  splitting  up  of  “  toxin  ”  into  toxoids 
having  little  or  no  toxicity  hut  on  the  average  full  neutralizing  power 
for  antitoxin,  have  not  in  our  opinion  been  substantiated  by  the  results 
of  these  experiments.  The  difference  between  the  amount  of  toxin 
mixed  with  a  unit  of  antitoxin  Avhich  causes  the  first  symptoms  and 
that  causing  death  upon  the  fourth  day  would  be,  it  is  true,  explained 
by  his  theory,  but  the  failure  of  this  difference  to  be  greater  Avhere,  by 
his  theories,  epitoxoids  should  be  in  great  abundance  prevents  our 
acceptance  of  his  vicAvs.  The  fact  of  the  greater  neutralization  A*alue 
of  a  fatal  dose  of  a  deteriorated  toxin  Avould  be  accoimted  for  on  his 
protoxoid  theory.  This,  hoAvcver,  is  not  proof  of  its  correctness,  as 
other  theories,  such  as  the  production  by  the  diphtheria  bacillus  of 
tAvo  or  more  closely  allied  toxins,  similar  to  the  allied  alkaloids  pro¬ 
duced  by  plants,  AA'ould  equally  account  for  it,  if  Ave  supposed  the  one 
Avhich  had  the  greater  neutralization  value  Avas  more  resistant  to  de¬ 
struction  than  the  other.  AVe  only  advance  this  theory  to  call  atten¬ 
tion  to  the  fact  that  many  theories  can  on  paper  explain  a  process  Avith- 
out  necessarily  being  thereby  established. 

Even  if  his  theories  prove  partially  correct,  aa'c  feel  certain  that  his 
formula  for  standardizing  toxins  is  foumh^d  u})on  error  and  cannot  be 
employed  for  the  purpose  intended  by  him. 

"While  AA’e  do  not  believe,  therefore,  that  he  has  changed  the  prin¬ 
ciples  of  testing  antitoxin,  yet  avc  believe  he  has  contributed  greatly 
to  uniformity  in  results  by  calling  attention  to  the  necessity  of  select¬ 
ing  a  suitable  toxin  and  by  employing  and  distributing  an  antitoxin  as 
a  standard  to  test  toxins  by.  Tn  this  Avay  smaller  testing  stations  can 
make  their  results  coiTOspond  Avith  tliose  of  the  central  station. 

In  spito  of  the  great  A’ai'iations  in  the  neutralizing  A*alue  of  a  fatal 
dose  in  different  toxins,  avc  do  not  belieA’e  there  has  been  any  such 
great  difference  in  the  toxins  used  l)y  tlie  different  stations  for  testing 
purposes,  ^lost  laboratories  have  taken  tlie  culture  fluid  at  about  tlie 
time  of  its  greatest  toxicity,  and  the  neutralizing  value  of  a  fatal  dose 
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of  this  toxin  would  seldom  vary  more  than  10  per  cent  above  or  below 
the  standard  now  adopted  in  (Jermany  by  the  government  testing- 
station,  this  latter  being  presumably  as  (dose  as  possible  to  that  used  to 
establish  the  original  Behring-Fdirlieh  unit. 

AVhere  eiTor  has  been  made,  it  has  usually  been  by  taking  too  old 
culture  Iluids,  which  would  cause  the  antitoxin  strength  of  samples 
tested  to  be  estimated  below  and  not  above  its  real  value,  (hilture  S, 
which  is  used  not  only  by  us  but  by  many  other  laboratories  in  the 
United  States  and  Europe,  fortunately  produces  on  the  Oth  day,  the 
time  at  which  the  culture  is  usually  removed,  a  toxin  which  grades 
Ehrliclr  s  antitoxin  within  five  per  cent  of  the  strength  given  by  him. 

AVe  believe  that  by  using  such  a  bacillus,  we  can,  after  gaining  a 
fuller  knowledge  of  its  characteristics,  obtain  a  toxin  of  a  known 
and  suitable  neutralizing  value,  and  thus  always  correctly  standardize' 
an  antitoxic  serum.  ]\Eeanwhile  a  fairly  permanent  antitoxin,  smdi 
as  Ehrlich  provides,  is  of  immense  value  in  insuring  a  uniform 
though  not  necessarily  correct  standard  among  the  dift'erent  t('sting 
stations  and  in  allowing  of  comparison  between  them. 


AN  EXPEEIMENTAL  STUDA^  OF  THE  DIRECT  INOCULA- 
,  TTON  OF  BACTERIA  INTO  THE  SPLEEN  OF  LIVING 
ANI]\[ALS;  AND  A  CONTRIBUTION  TO  THE  KNOWL¬ 
EDGE  OF  THE  I.MPORTANCE  OF  A  LESION  IN  ANI- 
.HAL  TISSUE  FOR  'rilE  L0DG:MENT  AND  MULTIPLI¬ 
CATION  OF  BACTERIA  WITHIN  IT. 

By  T.  :^r.  CHEESMAN,  M.  D.,  and  S.  J.  MELTZER,  D. 

(From  the  Bacterial  Laboratory,  Department  of  Pathology,  College  of  Physicians 
and  Surgeons,  Columbia  University,  New  Yoi'k.) 

The  methods  of  experimental  infection  which  are  at  the  present 
time  mostly  used  are  snbentaneons  or  intrapentoncal  inoculation  or 
intravenons  injection  of  the  micro-organisms  employed.  The  final 
object  to  he  attained  is  the  introduction  of  the  organisms  into  the 
circulation,  and  the  different  results  obtained  by  these  various  methods 
of  inocnlation  are  largely  dne  to  a  mechanical  factor — to  the  rapidity 
with  which  the  organisms  and  their  products  are  absorbed  from  the 
locality  in  which  the  injection  was  made. 

It  occurred  to  the  writers  that  new  characteristics  in  the  forms  of 
infection  might  be  obtained  from  a  systematic  study  of  inoculations 
made  primarily  into  one  of  the  internal  organs. 

It  seems  fair  to  suppose  that  specific  metabolic  processes  take  place 
in  all  organs  having  special  functions,  and  it  is  not  illogical  to  assume 
that  the  specific  catabolic  processes  of  an  organ  might  have  a  charac¬ 
teristic  effect  upon  bacteria,  more  particularly  when  they  are  un¬ 
changed  by  previous  contact  with  the  blood  or  lymph. 

The  spleen,  above  all  the  internal  organs,  seems  to  harbor  the 
specific  micro-organisms  in  certain  of  the  infections  diseases,  and  for 
tliis  reason,  notwithstanding  the  fact  that  the  exact  function  of  the 
s])leen  seems  to  be  little  understood,  this  organ  was  selected  for  onr 
experiments  as  the  scat  of  direct  infection.  From  its  peculiar  ana¬ 
tomical  structure,  some  hold  the  opinion  that  the  spleen  acts  as  a  filter 


534  Inoculation  of  Bacteria  into  the  Spleen 

and  holds  back  bacteria  from  rhe  blood  passing  through  it.  It  might 
also  be  claimed  that  the  bactericidal  power  of  the  blood  is  increased 
in  the  spleen,  for  on  entering  the  organ,  the  blood  leaving  the  capil¬ 
laries  comes  in  close  contact  with  the  lymphoid  tissue  where  leuco¬ 
cytes  abound,  and  it  is  quite  generally  believed  that  a  close  connection 
exists  between  leucocytes  and  the  bactericidal  action  of  body  fluids. 

Now,  on  the  other  hand,  H.  Buchner*  claims  that  wherever  disin¬ 
tegration  of  the  red  blood  corpuscles  occurs,  the  alexines  fail  to  dis¬ 
play  their  full  power;  and  according  to  the  prevailing  opinion  the 
erythrocytes  are  broken  down  in  large  numbers  in  the  spleen.  Hence 
it  might  be  assumed,  as  a  fair  hypothesis,  that  while  the  non-corpus- 
cular  alexines  are  easily  carried  from  the  spleen  by  the  blood,  that 
the  corpuscular  elements,  including  the  micro-organisms,  remain  in 
the  spongy  tissue  of  the  spleen,  and  the  bacteria,  well  noiirished  by 
the  broken  down  erj4hrocytes,  resist  the  attacks  of  the  remaining 
alexines. 

Our  first  problem  then  was  to  determine  tlie  fate  of  bacteria  when 
inoculated  directly  into  the  spleen. 

The  animals  experimented  on  were  chiefly  rabbits;  the  inoculations 
were  mostly  of  broth  cultures  of  B.  coli  communis,  and  the  results 
obtained  were  controlled  by  inoculations  of  broth  cultures  of  B. 
typhosus  and  Staph,  pyogenes  aureus.  The  inoculations,  made  with 
a  hypodermic  syringe,  were  directly  into  the  substance  of  the  spleen, 
the  needle  being  introduced  into  the  ventral  end,  i.  e.  that  end  of  the 
spleen  lying  nearest  the  abdominal  wall.  The  operation  for  exposing 
the  spleen  was  made  under  ether  anesthesia,  the  incision  in  the 
median  line  of  the  abdomen  causing  little  or  no  loss  of  blood.  In 
none  of  our  numerous  experiments  did  a  secondary  infection  at  the 
site  of  operation  occur,  the  wound  in  the  abdominal  wall  healing 
per  primam. 

The  slight  bleeding  from  the  spleen,  caused  by  the  puncture  of  the 
hypodermic  needle,  was  aiTested  either  by  a  ligature  thrown  around 
the  needle  or  by  the  actual  cautery. 

In  due  time  each  animal  was  killed  with  chloroform  and  the  autopsy 
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performed  immediately  under  strict  aseptic  precautions.  After  open¬ 
ing  the  thorax  and  abdomen  the  spleen  was  at  once  removed  and 
placed  in  a  sterilized  Petri  dish,  and  cultures  were  then  made  in 
10  per  cent  nutrient  gelatin,  reacting  1.5  per  cent  acid  to  phenol- 
phthalein,  from  the  blood  in  the  left  ventricle,  hepatic  vein,  liver  and 
left  kidney,  as  a  routine  procedure;  other  cultures  being  made  from 
time  to  time  as  hereafter  noted.  Gelatin  plates  were  then  made  from 
the  spleen,  which  for  convenience  Avas  divided  into  three  parts;  the 
ventral  end,  or  that  through  which  the  inoculation  was  made,  being 
designated  I,  the  middle  third,  II,  and  the  dorsal  third.  III.  Three 
large  “loops’’  of  the  juice  of  the  spleen  Avere  used  for  making  the 
plates  and  other  plates  Avere  made  Avith  bits  of  tissue  torn  oAit  from  the 
substance  of  the  organ.  All  plates  Avere  kept  under  observation  for 
not  less  than  seven  days.  Cover-glass  smears  Avere  also  made  from  the 
tissues  plated. 

Experiment  1*  Medium-sized  rabbit;  5  minims  of  24  hours  broth 
culture  of  B.  coli  communis  injected  into  spleen.  Autopsy  after  40 
hours.  Plates  from  parts  I,  II  and  III  of  the  spleen  remained  sterile. 

Experiment  2.  Small  rabbit;  6  min.  of  48  hours  broth  culture  of 
B.  coli  comm,  injected  into  spleen.  Autopsy  after  40  lioiirs.  Spleen 
plates;  I  shoAved  4  colonies;  II,  2  colonies;  III,  5  colonies.  Plates  from 
liver,  6  colonies;  from  hepatic  vein,  2  colonies;  and  from  left  ventricle, 
4  colonies.! 

Experiment  3.  Small  rabbit;  6  min.  of  24  hours  broth  culture  of 
B.  coli  comm,  injected  into  spleen.  Autopsy  after  14  hours.  Spleen 
plates;  I,  3  colonies;  II,  7  colonies;  III,  0.  Plates  from  liver,  0;  from 
kidney,  1  colony. 

Experiment  4-  Large  rabbit;  10  min.  of  24  hours  broth  culture  of 
B.  coli  comm,  injected  into  spleen.  Autopsy  after  14  hours.  Spleen 
plates;  I,  11  colonies;  II,  43  colonies;  III,  3  colonies.  Plates  from  liver, 
32  colonies;  from  hepatic  vein,  15  colonies;  from  left  ventricle,  133 
colonies;  and  from  left  kidney,  0. 

*  The  experiments  are  numbered  in  the  order  in  which  they  are  reported, 
not  in  the  order  in  which  they  were  made. 

f  The  number  of  colonies  reported  are  the  average  of  two  or  more  plates 
made  from  the  same  locality,  the  number  occurring  on  each  of  the  several 
plates  not  being  far  from  the  average  obtained.  • 
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Experiment  5.  Small  rabbit;  5  min.  of  20  hours  broth  culture  of 
B.  coli  comm,  injected  into  spleen.  Autopsy  after  3  hours  and  20  min¬ 
utes.  Spleen  plates;  I,  0  colonies;  II,  13  colonies;  III,  3  colonies. 
Plates  from  liver,  2  colonies;  from  hepatic  vein,  0;  from  left  ventricle, 
5  colonies;  and  from  left  kidney,  0. 

Experiment  6.  Small  rabbit;  25  min.  of  4  days  broth  culture  of  B. 
coli  comm,  injected  into  spleen.  Rabbit  died  in  34  days;  autopsy  six 
hours  after  death.  Spleen  plates;  I,  200;  II,  350;  III,  150  colonies  of 
B.  coli  communis;  no  other  colonies  present. 

Experiment  7.  Large  rabbit;  25  min.  of  48  hours  broth  culture  of 
B.  coli  comm,  injected  into  spleen.  Died  after  24  days.  Plates  from 
the  three  parts  of  the  spleen,  from  the  liver,  hepatic  vein,  left  ventricle 
and  left  kidney  all  remained  sterile. 

It  seems  unnecessary  to  mention  further  experiments  of  this  kind; 
the  few  here  qiioted  from  our  protocols  show  that  large  numbers  of 
bacteria  injected  into  the  spleen  soon  disappear. 

The  organisms  injected  into  the  spleen  were  neither  kept  back 
mechanically,  as  in  a  filter,  nor  did  they  find  within  the  spleen  a  soil 
favorable  to  their  multiplication.  Although  the  5-minim  dose  of 
broth  culture,  which  was  injected,  corresponds  to  about  one-third  of 
the  entire  volume  of  the  spleen  and  contained  many  millions  of  bac¬ 
teria,  the  plates  made  from  the  juices  and  tissue  of  the  spleen  were 
for  the  most  part  sterile,  and  even  in  the  plates  made  only  3  hours 
and  20  minutes  after  the  inoculation,  but  few  colonies  developed. 
Controls  of  the  cultures  employed  for  the  inoculations  were  made  in 
several  instances  by  adding  a  small  loopful  of  the  culture  to  5  cc.  of 
sterile  broth  and  immediately  plating  three  Ibopfuls  of  this  mixture 
in  nutrient  gelatin.  I'lie  number  of  colonies  developing’  on  these 
plates  varied  from  3000  to  10,000. 

These  control  experiments  assured  us  that  many  millions  of  bacteria 
disappeared  from  the  spleen  within  a  short  time. 

The  question  now  arose:  Is  this  large  number  of  bacteria  rapidly 
destroyed  in  the  spleen,  or  are  these  bacteria  carried  out  from  the 
spleen  in  immense  numbers  by  the  blood  current? 

Idle  best  method  to  exclude  the  latter  proposition  would  have  been 
to  tic  all  the  splenic  veins,  but  this  we  could  not  do  in  the  small  animals 
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experimented  with.  In  a  single  case  an  attempt  was  made  to  prevent 
the  flow  of  blood  from  the  spleen  by  tying  the  portal  vein. 

Experiment  S.  Medinm-sized  rabbit;  ligated  portal  vein  and  then  in¬ 
jected  5  min.  of  broth  culture  of  B.  coli  comm,  into  the  spleen.  Animal 
died  in  30  mimites.  The  spleen  was  removed,  placed  in  a  sterilized  Petri 
dish  and  plated  14  hours  later.  Juices  and  tissue  were  plated  from 
five  different  incisions  made  into  the  spleen.  All  plates  showed  an 
innumerable  growth  of  B.  coli  and  no  contaminations  were  found. 

In  the  other  experiments  it  seemed  preferable  to  tie  the  splenic 
vessels  themselves,  but  we  were  obliged  to  ligate  the  arteries  together 
with  the  veins. 

Experiment  9.  Large  rabbit;  tied  all  splenic  vessels  and  injected  into 
the  spleen  5  minims  of  broth  culture  of  B.  coli  communis.  Autopsy 
after  40  hours.  Spleen  plates  I,  II,  III  all  show  an  innumerable  growth 
of  B.  coli  communis. 

Here  the  bacilli  could  not  migrate  into  the  circulation,  and  indeed 
there  "was  every  evidence  of  an  active  gxowth  of  them  wfithin  the 
spleen.  '\Ve  have  to  remember,  however,  that  the  supply  of  fresh 
blood  and  with  it  the  supply  of  fresh  alexines  w'ere  cut  off,  while  the 
amount  of  alexines  present  in  the  spleen  at  the  moment  of  ligating  the 
vessels  was  probably  out  of  proportion  to  the  number  of  bacteria 
introduced  into  the  spleen.  It  is  now  generally  accepted  that  the 
effect  of  the  bactericidal  elements  in  . the  blood  is  but  little  apparent 
in  the  presence  of  lai’ge  numbers  of  bacteria,  and  that  after  the 
bactericidal  powers  are  exhausted  the  surviving  bacteria  multiply  with 
great  rapidity. 

Anatomists  teach  that  the  capillaries  in  the  spleen  resolve  and  the 
blood  enters  the  tissue;  and  the  assinnption  seems  justified,  and  is 
indeed  tacitly  made,  that  quite  a  fair  communication  e.xists  between 
the  interstitial  spaces  of  the  spleen.  We  therefore  resorted  to  the  plan 
of  ligating  only  a  part  of  the  vessels  pertaining  to  the  spleen,  antici¬ 
pating  that  the  migration  of  bacteria  from  the  ligatured  portion  wmifld 
be  considerably  restricted,  Avhile  there  might  be  some,  perhaps  an 
abundant  supply,  of  the  bactericidal  factors  to  this  part  provided  by 
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the  neighboring  parts  of  the  spleen  through  which  the  blood  was 
allowed  to  flow. 

Experiment  10.  Small  rabbit;  tied  about  ^  of  the  vessels  on  the  ven¬ 
tral  end  of  spleen,  and  through  the  ventral  (ligated)  end  injected  5  min. 
of  a  24  hours  broth  culture  of  B.  coli  comm,  into  the  middle  portion  of 
spleen.  Tip  of  spleen  tied.  Autopsy  after  40  hours.  Tip  of  spleen 
was  found  detached  from  the  rest  of  the  organ  and  imbedded  in  the 
mesentery;  the  ventral  third  of  the  spleen,  the  vessels  of  which  had  been 
ligated,  was  considerably  thickened  and  paler  than  the  remaining  part 
of  the  organ,  and  distinctly  separated  from  it  by  a  ridge  or  line  of  demar¬ 
cation.  The  plates  made  from  the  ligatured  part  of  the  spleen  (I)  were 
overcrowded  with  colonies  and  the  plates  from  parts  TI  and  III  showed 
growth  of  colonies  which  were  too  abundant  to  count.  Colonies  were 
most  abundant  in  plates  from  part  I,  distinctly  less  abundant  in  plates 
from  part  II,  and  still  less  numerous  in  the  plates  from  part  III. 

Experiment  11.  Medium-sized  rabbit;  blood-vessels  of  the  ventral 
third  of  spleen  ligatured  and  6  min.  of  a  broth  culture  of  B.  typhosus 
injected  through  the  ventral  end  into  the  middle  third  of  spleen. 
Aidopsy  after  40  hours.  The  ligated  end  of  the  spleen  was  hard,  dark 
red  and  dull  on  the  surfaces,  and  the  hard  portion  was  separated  from 
the  normal  part  by  a  sharp  ridge.  Spleen  plates;  I,  innumerable  col¬ 
onies;  II,  1900  colonies;  III,  1150  colonies.  Plates  from  liver  developed 
91  colonies;  from  hepatic  vein,  90  colonies;  from  left  ventricle,  20  colon¬ 
ies;  and  from  left  kidney,  4  colonies,  of  B.  typhosus. 

In  some  experiments,  in  which  the  vessels  of  the  middle  portion  of 
the  spleen  were  ligated  and  the  animal  was  allowed  to  live  for  seven 
or  eight  days,  the  entire  middle  portion  of  the  spleen  had  become  very 
much  thickened,  of  the  greyish  yellow  color  and  remarkably  dry,  while 
both  ends  of  the  organ,  the  circulation  in  which  we  endeavored  not 
to  interfere  with,  appeared  normal  in  every  respect. 

Thus  we  see  that  our  expectation  of  a  collateral  interstitial  nutrition 
was  not  realized,  an  interesting  fact  which,  however,  we  cannot  dis¬ 
cuss  further  here. 

On  the  other  hand,  our  experiments  show  that  plates  from  the  non- 
ligated  portions  of  these  pai'tly  ligatured  spleens  developed  a  consid¬ 
erable  number  of  colon  or  typhoid  colonies,  quite  in  contrast  to  our 
experience  with  spleens  no  part  of  which  were  ligated. 

In  studying  over  our  entire  material  it  seemed  to  us  that  the  as- 
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sumptions  which  give  the  fittest  interpretation  of  all  the  facts  in  our 
possession — at  least  for  the  present — are:  (1)  That  the  blood  within 
the  spleen  is  less  bactericidal  than  the  blood  within  the  balance  of  the 
circulation,  on  account,  perhaps,  of  the  nourishment  afforded  the 
bacteria  by  the  large  numbers  of  disintegrated  erythrocytes  within  the 
spleen;  and  (2)  That  the  structure  of  the  spleen  offers  but  little  hind¬ 
rance  to  the  rapid  migration  into  the  circulation  of  large  numbers  of 
bacteria  injected  into  this  organ. 

Our  experiments,  which  showed  that  but  few  bacteria  could  be  found 
in  the  spleen  only  a  few  hours  after  large  numbers  had  been  injected 
into  it,  must  be  explained  by  assuming  that  great  numbers  of  them 
were  soon  carried  away  from  this  organ  through  the  splenic  veins  by 
the  blood  stream;  the  fate  they  met  was  probably  that  which  awaits 
those  large  numbers  of  bacteria  which  are  injected  directly  into  the 
circulation. 

In  our  second  set  of  experiments,  in  which  the  bacteria  were  in¬ 
jected  into  a  spleen,  part  of  the  vessels  of  which  had  been  ligated,  the 
presence  of  bacteria  in  the  non-ligated  (normal?)  portion  of  the  spleen 
may  be  explained  by  assuming  that  many  of  those  which  got  into  the 
ligated  part  remained  there  and,  from  the  abundance  of  nutriment, 
multiplied  rapidly.  From  this  source  a  fresh  supply  of  bacteria  was 
constantly  given  out  to  the  adjacent,  more  normal  part  of  the  spleen, 
whence  the  blood,  flowing  through  the  organ,  carries  the  bacteria  out 
almost  as  soon  as  they  are  supplied  to  it. 

Although  it  seems  to  be  a  fact  that  but  little  interchange  of  nutri¬ 
tive  fluids  takes  place  between  the  several  regions  of  the  spleen,  the 
bacteria  are  apparently  able  to  wander  over  by  their  own  motility 
(colon  and  typhoid),  or  to  grow  through,  from  one  region  into  another. 

The  fact  that,  only  a  few  hours  after  injection  into  the  spleen,  so 
few  bacteria  could  be  found  in  the  blood,  does  not  argue  against  the 
assumption  that  all  the  injected  bacteria  were  carried  out  into  the 
blood  stream,  because  they  disappear  in  the  same  manner  when  in¬ 
jected  directly  into  the  veins. 

Wyssokowitsch  *  found  five  hours  after  injecting  1  cc.  of  typhoid 
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culture  into  the  jugular  vein  of  a  rabbit  that  0.2  cc.  of  the  blood  con¬ 
tained  only  5  bacilli. 

The  presence  of  1900  colonies  in  plates  made  from  a  point  in  the 
spleen  adjacent  to  a  part  the  vessels  of  which  had  been  tied,  while 
not  more  than  90  colonies  were  found  in  plates  made  from  the  liver 
and  the  hepatic  vein,  may  well  be  intei’preted  in  favor  of  the  assump¬ 
tion  that  blood  within  the  spleen  is  less  bactericidal  than  blood  in  the 
vessels  nearest  to  this  organ. 

Another  point  in  favor  of  this  assumption  seems  to  be  the  fact  that 
the  bacteria  thrive  in  a  ligated  spleen,  while,  according  to  de  Giaxa  and 
Guarnieri,*  bacteria  succumb  to  the  bactericidal  effects  of  blood  in 
the  vessels  between  two  ligatures  as  well  as  in  the  extra-vascular  blood. 

Finally,  we  have  to  report  that  in  a  number  of  cover-glass  smears 
made  from  non-ligated  spleens,  which  were  most  carefully  examined 
microscopically,  no  bacilli  were  discovered;  and  it  would  seem  to  us 
improbable,  even  if  only  a  considerable  portion  of  the  bacteria  were 
killed  by  the  alexincs,  that  no  bodies  of  the  bacteria,  which  Avoiild  take 
a  stain,  should  be  found  in  the  smears. 

The  vicAvs  here  put  foi'Avard  Avould  seem  not  to  be  in  harmony  Avith 
the  statements  of  WyssokoAAutsch.f  This  author  found,  after  injecting 
numerous  micro-organisms  into  the  jugular  A^ein,  that  they  soon  dis¬ 
appeared  from  the  circulation,  but  that  a  number  of  them  settled  in 
the  spleen,  Ih^cr  and  bone-marroAV,  a  fate  Avhich,  according  to  Pon- 
fick :}:  and  others,  they  share  Avith  non-organized  corpuscular  bodies, 
such  as  cinnabar,  ultramarine,  etc.,  injected  into  the  circulation. 

AVyssokoAvitsch,  hoAvever,  states  further  that  certain  bacteria,  for 
example  the  typhoid  bacillus  and  others,  soon  become  destroyed  Avithin 
the  spleen.  He  states  that  tAventy-four  hours  after  injection  of  the 
typhoid  bacillus  into  the  blood,  cultures  made  from  the  spleen  sIioav 
no  Imng  bacilli;  in  other  Avords,  he  claims  that  tlie  spleen  acts  as  a 
filter  upon  the  organisms  in  the  blood  passing  throiTgh  it,  and  the 
bacilli  succumb  to  the  bactericidal  influences  Avithin  the  spleen. 

AVith  regard  to  the  first  point  Ave  freely  admit  that  corpuscular 

*  Annates  de  Micrographie,  iii  (1890-91),  481.  t  Loc.  cit. 
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elements  maj  find  within  the  spleen  a  greater  obstacle  to  their  free 
movement  than  in  any  other  part  of  the  blood  cnn’ent,  and  that  a 
larger  accnmnlation  of  organisms  may  occur  in  the  spleen  than  in  any 
other  part  of  the  circulation;  yet  the  results  of  onr  experiments  have 
prompted  ns  to  assume  that  the  retained  bacteria  are  easily  carried  ont 
again  from  the  spleen,  and  that  the  “  filtration  ”  is  comparatively  of 
hnt  little  acconnt  and  not  permanent.  As  to  the  disappearance  of  the 
bacteria  from  the  spleen,  we  maintain  that  Wyssokowitsch  has  not 
offered  the  slightest  proof  of  his  assumption  that  the  destruction  of 
the  bacteria  occurs  within  the  spleen.  This  disappearance  of  the 
bacteria  can  he  as  well  explained  by  sn[)posing  that  they  have  been 
gradually  carried  out  from  the  spleen  by  the  blood  into  the  vessels, 
where  they  have  succumbed  to  the  bactericidal  power  of  the  circulat¬ 
ing  blood.  We  Avish  it  understood  that  we  by  no  means  claim  that 
the  spleen  possesses  no  degree  of  bactericidal  influence  and  that  no 
destruction  of  bacteria  takes  place  in  this  organ.  On  the  contrary, 
at  the  beginning  of  onr  experiments,  the  total  sterility  of  the  inocu¬ 
lated  spleens  led  ns  to  believe  that  the  bacteria  Avere  destroyed  by 
the  bactericidal  elements  of  this  organ,  and  Avhen  during  onr  investi¬ 
gations  the  highly  important  publications  of  R.  Pfeiffer  *  and  of 
A.  Wassermann  +  appeared,  shoAving  that  the  elements  of  acth’e 
immunization  in  cholera  and  in  typhoid  feA'er  appear  in  the  greatest 
amounts  in  the  spleen,  lymphatic  glands  and  bone-marroAV ;  and  inas- 
nmeh  as  immunization  in  typhoid  fever  and  in  cholera  does  not  mean 
antitoxic  hut  bactericidal  effects,  we  Avere  further  strengthened  in  our 
belief  that  Ave,  too,  had  found  bactericidal  effects  of  remarkable  poAver 
Avithin  the  spleen.  Yet  a  careful  analysis  of  the  results  of  all  our 
experiments  led  us  to  the  present  conclusion  that  the  bactericidal 
poAver  Avithin  the  spleen  acts  rather  less  intensely  than  in  the  rest  of 
the  circulation. 

Asa  matter  of  fact,  this  A’ieAv  seems  to  ns  to  harmonize  far  better 
AAuth  the  principles  and  findings  of  Ehrlich,  Pfeiffer  and  Wassermann. 
The  normal  bactericidal  elements  are  not  identical  Avith  the  bacteri- 

*  I’feift’er  and  ^larx,  /)ei(/sc7i.  inal.  Wochcnschr.,  1898,  p.  47. 
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eidal  bodies  of  active  immunization;  they  are  derived  from  different 
sources.  The  bactericidal  elements  of  the  normal  blood  are  seem¬ 
ingly  generated  in  one  way  or  another  by  the  leucocytes,  while 
Pfeiffer  has  established  the  fact  that  the  bactericidal  bodies  generated 
by  immunization  stand  in  no  relation  to  the  leucocytes.  Following  the 
theory  of  the  so-called  “  side-chain-immunity  ”  of  Ehrlich,*  it  is  as¬ 
sumed  by  Behring  f  and  by  Wassermann  that  these  bactericidal  bodies 
are  generated  by  the  organ-cells,  which,  reacting  to  certain  stimuli, 
produce  an  excess  of  these  bodies.  The  stimulating  agents  are  the 
bacteria  and  their  products. 

This,  in  a  few  words,  is  the  essence  of  the  views  of  these  writers  so 
far  as  concerns  us  here.  We  believe  now  that  we  are  not  going  too 
far  when  we  add  the  hypothesis  that  the  greatest  overproduction  of 
the  bactericidal  bodies  occurs  in  these  organs,  in  which  the  bacteria  are 
permitted  to  multiply  most  actively.  In  other  words,  when  the  bacte¬ 
ricidal  elements  of  the  normal  blood  are  less  active,  less  influential, 
then  the  most  active  generation  of  bactericidal  bodies  of  immunization 
takes  place.  It  is  in  this  sense,  then,  we  can  claim  that  our  assump¬ 
tion  of  the  diminished  effect  of  the  normal  bactericidal  action  within  the 
spleen  harmonizes  with  the  statements  of  Pfeiffer  and  of  Wassermann, 
that  the  bactericidal  bodies  of  immunization  are  abundantly  produced 
within  the  spleen. 

In  one  of  our  experiments  with  injections  into  the  non-ligated 
spleen,  numerous  bacilli  were  found  to  be  present  in  the  liver. 

In  this  case  an  attempt  had  been  made  to  reach  the  vagus  nerve 
below  the  diaphragm,  requiring  some  pressure  upon  the  liver,  and 
it  occurred  to  us  that  the  mechanical  injury  the  liver  had  received 
might  have  been  the  cause  of  the  retention  and  perhaps  multiplication 
of  the  bacteria  within  it.  We  therefore  attempted  to  produce  by 
cauterization  circumscribed  lesions  of  the  surface  of  the  liver  before 
injecting  bacteria  into  the  spleen,  and  our  experiments  in  this  line 
shoAV  conclusively  that  by  mechanical  injury  to  the  tissue  we  have  it 

*  Die  Wertbemessung  des  Diphtherieheilserums,  Klinisches  Jalirbuch,  vi 
(1897). 
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in  our  power  to  cause  bacteria  which  are  circulating  in  the  blood  to 
settle  in  any  part  of  the  surface  of  the  liver  we  may  select.  In  all  the 
cases  experimented  upon  the  cauterized  part  of  the  liver  contained 
innumerable  organisms;  in  the  normal  part  of  the  organ  immediately 
adjoining  the  lesion  they  were  still  luimerous,  while  in  remote  parts 
but  few,  if  any,  were  to  be  found.  The  organisms  found  in  the 
lesions  were  pure  cultures  of  the  species  Avhich  had  been  injected  into 
the  spleen.  In  cases  in  which  the  animal  was  allowed  to  live  for  30 
to  40  hours,  it  was  easy  to  establish  the  fact  that  an  innumerable 
quantity  of  bacteria  were  present  in  the  lesion,  while  none  were  found 
at  the  site  of  inoculation.  The  perfect  sterility  of  the  spleen  and  the 
immense  number  of  bacteria  found  at  the  site  of  the  lesion  showed 
that  at  least  some  of  the  bacteria  migrated  from  the  spleen  in  a  living 
condition. 

The  liver,  however,  is  the  next  station  at  which  bacteria  escaping 
from  the  spleen  would  arrive,  and  the  question  suggested  itself 
whether  a  sufficient  number  of  bacteria  escaped  from  the  spleen  to 
allow  of  their  reaching  and  settling  in  a  more  remote  organ,  and 
whether  or  not  lesions  of  other  organs  would  react  in  a  similar  man¬ 
ner  to  those  of  the  liver. 

To  this  end  lesions  were  produced  by  cauterization  in  several  organs : 
in  the  kidney,  the  uterus,  the  testicle,  and  in  a  circumscribed  area  in 
the  peritoneum,  and  in  the  subcutaneous  tissue,  etc.  In  all  places 
whei*e  suitable  lesions  were  produced,  the  specific  organisms  were 
present  in  large  numbers,  as  illustrated  by  the  following  experiments. 

Experiment  12.  Large  rabbit;  cauterized  pregnant  uterus  through 
incision  in  abdomen  and  injected  2.5  min.  of  a  3  days  broth  culture  of  B. 
coli  comm,  into  spleen.  Autopsy  after  3^  days.  Spleen  plates;  I,  1  col¬ 
ony;  II  and  III,  0.  Plates  from  liver,  0;  from  hepatic  vein,  1  colony; 
from  left  ventricle,  1  colony;  from  left  kidney,  0;  from  the  site  of  lesion 
in  the  uterus  and  from  the  fluid  in  the  cavity  of  the  uterus  at  site  of 
lesion,  innumerable  colonies. 

In  this  experiment  the  quantity  of  culture  injected  was  small,  the 
rabbit  and  the  spleen  w’ere  both  large,  and  the  plates  made  from  the 
blood  and  uninjured  organs  were  sterile — conditions  which  would 
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favor  the  interpretation  that  the  bacteria  were  all  destroyed  in  the 
spleen,  bnt  the  abundant  growth  in  the  lesion  of  the  uterus  demon¬ 
strates  that  a  considerable  number  of  bacilli  must  have  escaped  into 
the  general  circulation  to  found  this  thriving  colony  in  a  remote 
region. 

Experiment  IS.  Medium-sized  raldiit;  cauterized  right  kidney  and 
uterus,  and  injected  5  min.  of  a  three  days  broth  culture  of  Staph, 
pyogenes  aureus  into  the  spleen.  The  tip  of  the  organ  through  which 
the  needle  was  inserted  was  tied.  Autoy)sy  after  40  hours.  Spleen 
plates  from  tied  tip  showed  460  colonies;  from  part  I,  192  colonies;  part 
II,  7  colonies;  part  Ill,  4  colonies;  plates  from  the  liver,  hepatic  vein, 
left  ventricle  and  left  kidney  were  sterile;  from  the  right  kidney,  necrotic 
portion  and  adjoining  portion,  innumerable  colonies;  and  from  the  necro¬ 
tic  portion  of  the  uterus  over  10,000  colonies  developed.  The  tip  of 
the  spleen  contained  a  considerald'e  number  of  bacilli,  as  did  also  the 
adjoining  ])art,  a  fact  Avhich  was  observed  in  nearly  all  experiments  in 
which  the  tip  of  the  organ  was  tied,  and  which  probal)ly  is  explained  by 
the  cutting  off  of  the  blood  supply  by  the  ligature.  . 

Our  observations  on  the  action  of  bacteria  in  lesions  made  in  the 
internal  organs  seemed  to  be  of  such  importance,  that  we  conducted 
a  series  of  experiments  by  injecting  bacteria  into  the  general  cir¬ 
culation,  after  producing  lesions  in  one  or  more  of  the  internal  organs. 

Experiment  IJ4.  Large  rabbit;  ventral  end  of  spleen  and  border  of 
liver  scpicezed  with  hot  forceps;  25  min.  of  a  20-hour  broth  cidturo  of  B. 
coli  comm,  injected  into  ear  vein.  Autopsy  after  40  hours.  The  cauter¬ 
ized  portions  of  the  spleen  and  of  the  liver  were  necrotic.  Plates  from 
the  blood  in  left  ventricle  showed  1  colony;  from  left  kidney,  0;  from 
he])atic  A’ein,  48  colonies;  from  normal  part  of  liver,  2  colonies;  from  the 
necrotic  part  of  the  liver  the  colonies  were  innumerable;  from  i)art  I.  of 
spleen,  the  necrotic  portion,  innumeralde  colonies;  from  ])art  11  the 
colonies  Avere  also  innumerable,  but  distinctly  feAA’er  than  AA’cre  found  in 
part  I,  and  from  part  III  only  39  colonies  develoi)ed. 

Experiment  l.j.  Large  rabbit;  cauterized  right  kidney,  border  of  liver, 
tAvo  areas  in  sjileen,  one  near  each  end,  a  circumscribed  area  of  the 
]>eritonenm,  and  the  subcutaneous  tissue  in  the  right  inguinal  region. 
'rAA’enty-five  minims  of  a  bi’oth  culture  of  B.  coli  communis  AAas  then 
introduced  into  the  ear  vein  and  the  animal  killed  after  64  hours. 
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Plates  made  from  blood  in  the  left  ventricle  showed  no  growth;  from 
hepatic  vein,  0;  from  a  normal  portion  of*the  liver,  0;  from  necrotic  part 
of  the  liver,  innumerable  colonies;  spleen  plates  showed  an  innumerable 
number  of  colonies  from  the  necrotic  portions  and  a  very  abundant 
growth,  though  distinctly  less,  from  the  intermediate  parts;  ^dates  from 
the  left  kidney  showed  no  growth,  while  those  from  the  normal  part  of 
the  right  kidney  showed  ilO  colonies;  the  development  from  the  necrotic 
portion  of  the  right  kidney  and  the  apparently  healthy  tissue  adjoining 
it  was  innumerable,  though  distinctly  less  in  the  latter  case  than  in  the 
former.  Plates  made  from  the  cauterized  portion  of  the  peritoneum 
and  from  the  necrotic  subcutaneous  tissue,  all  showed  an  innumerable 
growth. 

Experiment  16.  ^Medium-sized  rabbit;  squeezed  with  hot  forceps  the 
ventral  end  of  the  spleen,  the  lower  border  of  the  liver  and  the  lower  end 
of  the  right  kidney.  Twelve  minims  of  broth  culture  of  B.  coli  comm, 
were  then  injected  into  the  ear  vein.  The  autopsy  was  made  after  41 
hours  and  plates  from  blood  in  the  left  ventricle  developed  no  colonies; 
from  hepatic  vein.  72  colonies;  from  normal  part  of  liver,  570  colonies; 
from  tlie  necrotic  part  of  this  organ,  innumerable  colonies;  from  an 
adjoining  portion.  2071  colonies  •.‘from  the  left  or  normal  kidney,  0;  from 
the  squeezed  portion  of  the  right  kidney,  innumerable  colonies.  Plates 
made  from  various  ]>arts  of  the  spleen  developed  very  few  colonies. 

The  few  colonies  found  in  plates  from  the  spleen  may  perhaps  be 
explained  by  the  fact  that  the  squeezed  portion  of  the  spleen  was  drv 
and  leathery  in  ap])eavance  and  very  tough  when  cut  iuto,  and  it  may 
be  that  the  circulation  was  so  completely  cut  off  from  this  part  that  the 
bacteria  had  but  little  chance  to  reach  the  lesion  in  the  organ,  and 
were  mostly  carried  out  again  into  the  circulation.  It  seems  probable 
that  only  when  some  more  or  less  normal  tissue  remains  within  the 
necrotic  part,  i.  e.  tissue  through  which  the  blood  can  flow,  that  the 
bacteria  can  gain  access  to  the  injured  tissue  and  be  deposited  there. 
It  is  of  course  a  very  difficult  matter  always  to  regylate  the  amount 
of  pressure  exerted,  so  as  to  produce  the  same  kind  of  a  lesion  in  eveiw 
experiment. 

In  this  connection  it  seems  important  to  mention  that  in  experi¬ 
ments  in  which  half  of  the  vessels  of  the  spleen  were  tied  and  the 
inoculation  made  into  the  circulation  through  the  ear  vein,  plates 
made  from  the  spleen,  whether  from  the  ligated  or  the  non-ligated 
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part,  remained  sterile.  The  sterility  of  the  ligated  portion  probably 
finds  its  explanation  in  the  reasons  set  forth  above.  Injections  made 
directly  into  or  throngh  a  ligated  portion  of  the  spleen  offer  entirely 
different  conditions,  for  here  the  bacteria  are  brought  directly  into 
the  ischaemic  part  and  could  not  escape  except  through  their  own 
motility  or  by  growing  out  through  enormous  multiplication.  It 
seems  likely  that  the  abundant  growth  Avithin  the  ligatured  portion 
of  the  spleen  Avas  due  largelv  to  the  lesion  of  the  tissue  caused  by 
ligation  of  the  A^essels  Avhich  faAmred  the  retention  and  development 
of  the  organisms. 

The  principle  underlying  the  fact  that  a  lesion  in  an  organ  favors 
the  retention  and  doA’^elopment  of  bacteria  Avithin  it  is  not  new.  J. 
Eosenbach,*  Becker,!  and  others,  have  shown  that  the  intravenous 
injection  of  Staph,  pyogenes  aureus  can  cause  osteomyelitis  in  a  frac¬ 
tured  bone.  The  experiments  of  WyssokoAvitsch,:|:  and  of  Prudden,§ 
haA'e  established  that  a  mechanical  lesion,  and  according  to  Prudden 
that  also  a  chemical  lesion,  of  the  cardiac  valves  causes  the  staphy¬ 
lococcus  and  the  streptococcus,  Avhen  intraA^enously  injected,  to  settle 
there  and  develop  ulcerative  endocarditis.  According  to  AVyssoko- 
Avitsch,  hoAvever,  the  .M.  tetragenus  and  other  organisms  did  not  settle 
in  the  injured  valve.  In  our  experiments  Avith  the  three  species  of 
bacteria  mentioned,  Ave  made  no  attempt  to  determine  hoAV  they  Avould 
act  in  relation  to  injured  heart  A’ah'es,  but  were  enabled  to  cause  them 
to  settle  in  any  tissue  experimented  Avith,  by  producing  a  SAiitable 
lesion.  This  seems  to  us  a  point  of  great  practical  importance,  inas¬ 
much  as  any  physiological  or  artificial  injury,  such  as  parturition  or 
operation,  carried  out  under  the  most  scrupulous  asepsis,  can  become 
infected,  if  in  any  place  in  the  body  there  exists  a  focus  containing 
micro-organisms;  and  in  this  connection  it  must  not  be  forgotten  that 
attenuated  micro-organisms  may  regain  their  A’iruleirce  in  a  tissue 
lesion.  1 1  Hoav  many  cases  of  puerperal  infection  or  of  post-operative 
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sepsis  might  here  find  their  explanation !  Without,  however,  entering 
into  a  disciission  of  the  nnmerons  instances  in  pathology  which  can 
he  interpreted  profitably  by  onr  facts,  we  would  add  that,  judging 
from  a  few  experiments  we  have  made,  it  would  appear  that  lesions  of 
the  internal  organs  can  become  infected  also  from  a  subcutaneous  focus. 

In  one  experiment  in  which  subcutaneous  injection  of  the  B.  coli 
comm,  was  employed,  plates  made  from  the  injured  portion  of  the 
liver  contained  over  2000  colonies,  while  the  necrotic  spleen  showed 
a  very  meagre  growth.  In  another  similar  experiment  the  plates 
from  the  necrotic  portion  of  the  spleen  contained  over  6000  colonies, 
from  a  cauterized  portion  of  the  peritoneum  about  1000  colonies, 
and  in  plates  from  the  cauterized  uterus  there  were  innumerable 
colonies. 

The  failure  of  Wyssokowitsch  to  produce  ulcerative  endocarditis 
from  subcutaneous  injections  of  pyogenic  bacteria  may  perhaps  be  ex¬ 
plained  by  the  fact  that  certain  bacteria  are  but  slowly  absorbed  from 
the  subcutaneous  tissue ;  if  the  injury  to  the  valves  had  been  caused  a 
few  days  after  the  injection  instead  of  simultaneously,  more  time 
would  have  been  allowed  for  the  bacteria  to  get  into  the  circulation, 
and  the  result  might  have  been  different. 

The  frequent  mention  of  the  presence  of  B.  coli  comm,  in  the 
cauterized  portions  of  the  liver  might  lead  to  the  suspicion  that  this 
ubiquitous  organism  was  present  in  the  liver  before  the  intrasplenic 
or  intravenous  injections  were  made.  Aside  from  the  numerous  in¬ 
stances  in  which  the  uninjured  organs  Avere  foiind  free  from  this 
bacillus,  other  studies  bearing  directly  on  this  point  were  made.  A 
number  of  rabbits  Avere  opened,  the  liver  and  spleen  Avere  cauterized 
and  the  abdomen  closed,  just  as  in  the  other  operations  alluded  to, 
but  Avithout  any  injection  of  micro-organisms  whatever.  After  a  feAV 
days  the  animals  Avere  killed,  and  plates  made  immediately  from 
the  injured  and  uninjured  organs  and  from  the  blood,  and  in  all  the 
cases  the  plates  were  found  to  be  sterile.  It  therefore  seems  to  us 
probable  that  the  cases  in  Avhich  numerous  colon  bacilli  Avere  found 
in  the  normal  liver  were  from  platings  made  some  time  after  death 
had  occurred. 
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In  conclnsion  we  desire  to  say  that,  although  in  onr  many  experi¬ 
ments  wo  have  produced  numerous  foci  containing  very  many  bac¬ 
teria,  and  thus  have  offered  a  number  of  different  sources  for  the 
abundant  supjdy  of  bacteria  to  the  blood,  the  blood,  nevertheless, 
has  remained  perfectly  sterile  or  contained  but  A-ery  feAV  bacteria. 
Tlie  blood  is  a  liquid  tissue,  and  may  we  not,  jaerhaps,  assume  that 
the  blood,  like  other  tissues,  permits  the  growth  of  bacteria  within  it 
only  Avhen  it  has  been  in  some  way  injured^ 

SUAtJIAKY. 

I.  Cultures  of  B.  coli  communis,  B.  typhosus  and  Staph,  pyogenes 
aureus,  when  injected  into  the  tissue  of  the  normal  spleen,  soon  dis¬ 
appear  from  that  organ,  and  indeed  from  the  normal  body  generally. 

IT.  Bacteria  injected  into  a  spleen  after  the  Avhole  or  a  part  of  the 
vessels  have  been  tied,  multiply  in  the  spleen  with  great  rapidity  and 
continue  to  supply  bacteria  to  the  blood,  whence  in  the  healthy  body 
they  soon  disappear. 

III.  Bacteria  injected  into  the  spleen,  or  subcutaneous  tissue,  or 
into  the  blood  current  through  the  car  vein,  in  cases  in  which  moderate 
lesions  have  been  made  by  cauterization  or  compression  in  the  spleen, 
liver,  kidney,  uterus,  testicle,  ])eritoneum,  or  subcutaneous  tissue, 
usually  find  lodgment  in  these  lesions  and  multiply  there. 

IV.  Even  in  cases  in  which  numerous  foci  existed,  from  which  the 
blood  Avas  constantly  provided  Avith  a  fresh  supply  of  bacteria,  only 
fcAV  bacteria  AA^ere  found  at  any  time  in  the  blood. 
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